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EXECUTIVE  SUMMARY 


BACKGROUND  AND  TECHNOLOGY  DESCRIPTION 

Perchlorate  (CIO4")  is  a  human  health  concern  because  it  can  prevent  assimilation  of  iodide  in  the 
thyroid  by  competitively  inhibiting  its  uptake.  Iodide  regulates  normal  functions  of  the  thyroid 
and  is  critical  in  the  growth  and  development  of  fetuses,  infants,  and  children  (USEPA  2005).  As 
of  February  2011,  the  United  States  Environmental  Protection  Agency  (USEPA)  determined  that 
perchlorate  can  be  regulated  under  the  Safe  Drinking  Water  Act  (SDWA),  and  in  October  2007, 
California  Department  of  Public  Health  (CDPH)  established  a  maximum  contaminant  level 
(MCL)  of  6  micrograms  per  liter  (pg/L).  Nitrate  is  a  co-contaminant  in  water  with  perchlorate 
because  ammonium  nitrate  is  a  main  component  in  rocket  fuel  and  explosives  (Wang  et  al.  2002). 
In  addition,  nitrate  is  often  found  in  groundwater  because  of  agricultural  impacts.  Nitrate  (NO3’) 
is  regulated  by  the  SDWA  and  has  an  MCL  of  10  milligrams  per  liter  as  nitrogen  (mg-N/L). 

While  ion-exchange  (IX)  resins  are  currently  used  for  perchlorate  treatment,  they  are  costly  and 
do  not  destroy  contaminant  mass.  By  contrast,  membranes  are  increasingly  used  in  the  drinking 
water  industry  for  full-scale  potable  water  treatment.  The  membrane  biofilm  reactor  (MBfR) 
process  demonstrated  in  this  project  used  the  latest  advances  in  membrane  technologies  and 
included  anoxic  biological  reduction  using  a  staged  hydrogen-fed  membrane  biofilm  reactor, 
aerobic  biological  stabilization,  media  filtration,  and  disinfection.  This  technology  builds  upon  a 
number  of  previously  successful  MBfR  studies  treating  perchlorate  and  nitrate  in  groundwater. 
The  MBfR  uses  anoxic  biodegradation  for  the  complete  destruction  of  perchlorate,  and  it  may  be 
used  for  nitrate  removal.  The  reactor  is  comprised  of  numerous  penneable  hollow-fiber  gas- 
transfer  membranes  that  are  pressurized  with  hydrogen  gas.  Hollow  fiber  membranes  are  widely 
used  in  a  range  of  industries  for  bubble-less  gas  transfer.  The  MBfR  is  an  adaptation  of  this 
proven  approach  for  perchlorate  and  nitrate  treatment.  Bubble-less  gas  transfer  allows  delivery 
of  hydrogen  gas  directly  to  the  bacteria.  This  results  in  nearly  100  percent  hydrogen  usage, 
which  makes  the  process  economical  (no  donor  waste)  and  safe.  A  biofilm  containing  a 
community  of  perchlorate-reducing,  nitrate -reducing,  and  other  bacteria  grow  on  the  exterior 
surface  of  the  hollow  fibers.  Hydrogen  serves  as  the  electron  donor  that  also  minimizes  biomass 
generation.  This  process  results  in  reduction  of  perchlorate  and  nitrate  and  can  also  be  used  for  a 
range  of  other  oxidized  contaminants  including  trichloroethene  (TCE),  chromate,  selenate,  and 
bromate  (Nerenberg  and  Rittmann  2004;  Rittmann  et  al.  2004;  Adham  et  al.  2005;  Chung  et  al. 
2006b;  Chung  et  al.  2006c;  Chung  et  al.  2006d). 

The  purpose  of  this  Demonstration  was  to  evaluate  the  feasibility  of  MBfR  to  destroy  perchlorate 
and  nitrate  in  groundwater  and  produce  potable  water  at  the  pilot  scale,  evaluate  process  control 
parameters  to  optimize  performance,  and  estimate  full-scale  technology  costs.  This  pilot-scale 
treatment  system  was  installed  at  West  Valley  Water  District  (WVWD)  in  Rialto,  California.  The 
treatment  train  consisted  of  two  575-gallon  MBfR  vessels,  in  a  two-stage  lead/  lag  configuration, 
containing  seven  polypropylene-fiber  membrane  modules  in  each  tank.  The  14  modules  had  a 
total  membrane  surface  area  of  2,000  square  meters  (nr).  Groundwater  was  pumped  into  the  lead 
MBfR  vessel.  The  effluent  from  the  lead  vessel  then  flowed  into  the  lag  MBfR  vessel. 
Recirculation  pumps  with  an  adjustable  flow  rate  of  70  to  280  gpm  were  used  for  recirculating 
water  through  the  membrane  modules  in  each  MBfR  vessel.  The  MBfR  lag  vessel  effluent  was 
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subsequently  processed  by  aeration,  media  filtration,  and  disinfection.  Indigenous 
microorganisms  attached  to  the  membrane  exterior  surfaces  and  created  a  biofilm.  Electron 
donor  (hydrogen  gas)  and  nutrients  (phosphoric  acid)  were  supplemented  to  the  reactors.  The 
attached  microorganisms  preferentially  reduced  dissolved  oxygen  (DO),  nitrate,  perchlorate,  and 
sulfate.  Additional  processing  prior  to  groundwater  re-injection  included  filtration  through 
granular  activated  carbon  (GAC)  and  ion  exchange  resin  to  meet  California  Regional  Water 
Quality  Control  Board  permit  requirements  for  discharge  to  groundwater.  The  study  included 
four  phases:  Start-Up,  Optimization,  Steady  State,  and  a  Challenge  Phase.  The  Challenge  phase 
included  intentional  process  upsets  to  assess  resiliency  and  reliability  of  the  technology.  A 
parallel  and  important  laboratory  investigation  of  the  MBfR  performance  was  also  conducted  at 
Arizona  State  University.  This  research  is  briefly  summarized  in  this  report  and  fully 
documented  in  a  separate  report  (Rittmann  et  al.  2013). 

PERFORMANCE  OBJECTIVES  AND  RESULTS 

Perchlorate 

Perchlorate  was  reduced  from  an  average  of  154±5  qg/L  to  an  average  of  9.2±2.3  qg/L  in  the 
effluent  of  the  lag  reactor  during  Steady  State  (94.4  percent  reduction).  While  the  treatment 
objective  of  6  qg/L  was  not  met,  perchlorate  was  consistently  removed  with  little  variation 
(coefficient  of  variation  was  0.75%). 

During  Optimization,  influent  flow  rate  and  recycle  flow  rate  were  observed  to  affect  perchlorate 
treatment  efficacy,  as  discussed  in  detail  in  Section  5.7.2.  The  effect  of  influent  flow  rate  and 
associated  electron  acceptor  loading  was  evaluated  for  flows  rates  of  10,  15,  and  20  gpm. 
Perchlorate  was  on  average  8.5  qg/L  while  operating  at  10  gpm,  17.9  qg/L  at  15  gpm,  and  27 
qg/L  at  20  gpm.  Recycle  flow  rates  were  tested  further  during  batch  tests,  where  four  recycle 
flow  rates  were  tested  in  each  MBfR  vessel.  In  general,  the  best  performance  was  observed  when 
recycle  flow  rates  were  increased  indicating  mass  transfer  limitations.  However,  operation  at  the 
highest  recycle  rates  did  not  promote  complete  perchlorate  removal.  Other  factors  including  an 
overabundance  of  sulfate-reducing  bacteria  relative  to  perchlorate  reducing  bacteria  limited 
complete  perchlorate  reduction  (Rittmann  et  al.  2013).  Finally,  the  impact  of  sparge  frequency 
and  gas  type  was  evaluated.  Sparging  was  conducted  to  remove  buildup  of  biomass  and  inert 
compounds  in  the  membranes.  Use  of  compressed  air  rather  than  nitrogen  for  sparging  resulted 
in  no  measurable  change  in  performance.  Compressed  air  is  less  expensive  than  nitrogen  and 
may  be  used  to  decrease  operational  costs.  Sparging  frequencies  of  24  hours  or  less  did  not 
change  perchlorate  or  nitrate  removal  appreciably;  12  hours  was  selected  for  Steady  State 
operations. 

Batch  tests  demonstrated  that  complete  perchlorate  removal  was  possible  but  was  observed  to 
occur  when  sulfate  reduction  and  sulfide  generation  began.  Modeling  and  bench-scale  studies  by 
ASU  demonstrated  that  complete  perchlorate  removal  was  observed  without  sulfide  production  if 
removal  flux  of  nitrate  and  oxygen  -  expressed  as  stoichiometric  hydrogen  demand  -  was  about 
0.18  grams  of  hydrogen  per  meter  squared  per  day  (g  H2/m2-day)  (Rittmann  et  al.  2013). 
Operation  under  these  conditions  in  the  laboratory  prevented  overgrowth  of  sulfate  reducing 
bacteria.  However,  single-stage  operation  of  the  pilot-scale  system  at  a  removal  flux  of  nitrate 
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and  oxygen  of  0.12  g-FL/nL-d  did  not  prevent  overgrowth  of  sulfate  reducing  bacteria  and 
promote  complete  perchlorate  reduction.  Therefore,  other  differences  between  the  laboratory  and 
pilot-scale  systems  such  as  trans-membrane  liquid  velocity  and  associated  mass-transfer 
resistance  may  have  prevented  complete  perchlorate  reduction. 

Nitrate 

The  MBfR  was  highly  effective  at  removing  nitrate.  Total  nitrogen  (the  sum  of  nitrate  and 
nitrite)  was  reduced  from  an  influent  average  of  9.0  mg-N/L  to  an  average  of  0.12±0.07  mg-N/L 
in  the  effluent  of  the  lag  reactor  during  Steady  State  (98.3  percent  reduction).  Nitrate  reduction 
was  consistently  removed  with  little  variation  (coefficient  of  variation  was  0.94%)  with  the 
highest  effluent  total  nitrate  as  0.24  mg-N/L.  Similar  to  perchlorate,  factors  controlling 
perfonnance  were  influent  flow  rate  and  recycle  flow  rate.  Reductions  of  nitrate  to  less  than 
0.5  mg-N/L  were  demonstrated  at  a  flow  as  high  as  18  gpm.  Highest  reductions  were  observed 
when  recycle  flow  rates  were  highest.  Another  key  finding  was  that  79  percent  of  nitrate  was 
reduced  across  the  lead  reactor  with  an  average  lead  effluent  concentration  of  1.8±0.16  mg-N/L 
during  Steady  State.  As  such,  a  full-scale  system  may  include  single-stage  operations,  thus 
decreasing  capital  and  operational  costs  and  system  footprint. 

Drinking  Water  Treatment  Goals 

Other  drinking  water  treatment  goals  that  were  evaluated  during  the  Demonstration  included 
disinfection,  odor,  turbidity,  dissolved  organic  carbon  (DOC),  and  pH.  Disinfection  was 
accomplished  using  sodium  hypochlorite  with  a  free  chlorine  residual  of  0.2  mg/L  to  meet 
disinfection  requirements  based  on  CT.  CT  stands  for  the  concentration  of  disinfectant  “C” 
multiplied  by  the  contact  time  “T”  in  minutes.  Fecal  coliforms,  total  coliforms,  Escherichia  coli 
(E.  coli )  and  heterotrophic  plate  counts  (HPCs)  were  used  as  indicator  parameters  for 
disinfection  perfonnance.  During  Steady  State  E.  coli,  fecal  coliforms,  and  total  coliforms  were 
below  the  detection  limit  (2/100  mL)  in  all  post-disinfection  samples.  HPCs  were  on  average  43 
most  probable  number  per  milliliter  (MPN/mL),  and  no  samples  were  greater  than  the  MCL  of 
500  MPN/mL.  Disinfection  byproducts  were  below  regulatory  limits.  Haloacetic  acids  (HAA5) 
were  below  detection  (<  6  pg/L)  and  total  trihalomethanes  TTHMs)  averaged  4.8  ug/L  compared 
to  the  MCL  of  80  ug/L.  Nitrosamines  were  not  detected. 

Odorous  compounds,  primarily  hydrogen  sulfide,  can  be  inadvertently  generated  if  conditions 
become  more  strongly  reducing  than  targeted.  The  perfonnance  objective  for  odor  was  less  than 
the  US  EPA  National  Primary  Drinking  Water  Regulation’s  secondary  standard  for  threshold 
odor  number  (TON)  of  three.  The  average  TON  during  Steady  State  was  2.2. 

Turbidity  is  also  of  concern  since  this  technology  involves  growing  a  biofilm  that  can  detach 
from  membrane  surfaces.  Media  filtration  in  combination  with  a  coagulant  filter  aid  was 
employed  down-stream  of  the  MBfR  process.  An  average  turbidity  of  0.27  nephelometric 
turbidity  units  (NTU)  was  observed  at  the  filter  effluent  during  Steady  State.  The  media  filter 
was  backwashed  approximately  every  12  hours,  which  resulted  in  wasting  approximately  3 
percent  of  the  system  influent  water.  Media  filter  backwash  water  was  analyzed  for  TSS  to 
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estimate  solids  generated  for  disposal.  Based  on  these  samples,  approximately  10,000  grams  (22 
pounds)  of  solids  were  generated  per  MG  of  water  treated  from  media  filter  backwashing. 

Residual  biodegradable  organic  compounds  in  treated  water  can  decrease  water  biostability  and 
promote  regrowth  of  organisms  in  distribution  systems.  DOC  was  selected  as  a  surrogate 
indicator  for  biological  stability.  The  increase  in  DOC  from  the  system  influent  to  the  finished 
water  was  on  average  0.4  milligrams  per  liter  (mg/L)  during  Steady  State.  While  the  goal  for  this 
project  was  less  than  a  0.2  mg/L  increase,  the  metric  is  not  driven  by  regulation,  and 
requirements  for  biological  stability  are  specific  to  each  drinking  water  distribution  system.  This 
increase  of  0.4  mg/L  DOC  is  not  necessarily  biodegradable  and  may  be  stable  in  some 
distribution  systems. 

Control  of  pH  was  important  for  this  system,  since  denitrification  and  other  reduction  processes 
can  result  in  increased  alkalinity.  During  the  MBfR  Demonstration,  the  pH  of  the  finished  water 
remained  within  the  secondary  MCL  of  between  6.5  and  8.5  standard  units  (SU).  The  average 
finished  water  pH  was  7.8±0.2  SU  during  the  one-month  Steady  State  period. 

COSTS 

The  cost  assessment  was  conducted  for  an  MBfR  treating  nitrate  and  not  perchlorate  because  the 
6-pg/L  perfonnance  objective  for  perchlorate  removal  was  not  achieved.  The  cost  model  used 
water  quality  conditions  at  the  site,  located  at  Well  22  in  Rialto,  California.  The  model  assumed 
full-scale  operations  were  at  1,000  gpm  with  six  different  operating  scenarios.  Three  nitrate 
treatment  goals  were  selected  for  a  1,000  gpm  full-scale  MBfR  system:  1)  28  mg-N/L  of  influent 
and  4.0  mg  N/L  effluent,  2)  10  mg  N/L  of  influent  and  6.8  mg  N/L  effluent,  and  3)  18  mg  N/L  of 
influent  and  6.8  mg  N/L  of  effluent.  Scenario  1  has  similar  design  conditions  to  previously 
published  work  (Brown  et  al.  2008;  Webster  and  Togna  2009)  and  was  included  in  this  study  for 
comparison.  The  three  treatment  goals  were  applied  to  two  MBfR  system  designs:  a  design  using 
the  same  process  used  in  the  Demonstration  (Scenario  1,  2  and  3)  and  a  design  modified  and 
improved  based  on  information  gathered  during  the  Demonstration  (Scenario  4,  5  and  6).  The 
modified  design  includes  several  enhancements  to  increase  system  efficiency  and  decrease 
wastewater  generation.  Unit  total  costs  including  operations,  maintenance,  and  amortized  capital 
for  the  various  scenarios  were  expressed  in  terms  of  MG  of  water  treated  as  follows: 


Scenario 

Purpose 

Cost  ($/MG  treated) 

1 

Comparable  to  previous  research  studies 

706 

2 

Represents  conditions  similar  to  this  Demonstration 

863 

3 

An  example  system  with  higher  nitrate  concentrations 

2,037 

4 

Comparable  to  scenario  1 ,  but  with  a  revised  treatment 
process  integrating  key  lessons  from  the  Demonstration 

582 

5 

Comparable  to  scenario  2,  but  with  a  revised  treatment 
process  integrating  key  lessons  from  the  Demonstration 

640 

6 

Comparable  to  scenario  3,  but  with  a  revised  treatment 
process  integrating  key  lessons  from  the  Demonstration 

1,290 

Note:  MG  -  million  gallons 


Comparison  between  the  MBfR  system  and  IX  showed  that  the  MBfR  was  more  economical, 
particularly  when  wastewater  disposal  for  IX  regeneration  is  included.  IX  resin  regeneration 
disposal  costs  are  largely  site-specific.  Wastewater  from  the  MBfR  system,  which  includes 
media  backwash  water  and  MBfR  sparging  water,  can  be  discharged  through  the  municipal 
sanitary  sewer  after  removing  some  suspended  solids.  However,  wastewater  generated  during  IX 
regeneration  cannot  be  directly  discharged  to  a  municipal  sewer  mainly  because  of  the  high  salt 
concentrations.  The  unit  operations,  maintenance,  and  amortized  capital  costs  for  IX  were 
estimated  to  be  $2, 781/MG  water  treated  for  Scenario  1,  $2, 787/MG  for  Scenario  2  and 
$3, 462/MG  for  Scenario  3.  MBfR  costs  were  also  compared  with  the  ESTCP  project  “Direct 
Fixed-Bed  (FXB)  Biological  Perchlorate  Destruction  Demonstration”  (Brown  et  al.  2008).  The 
unit  cost  of  the  FXB  system  was  $730/MG,  which  is  similar  to  the  MBfR  unit  cost  of  $706/MG 
for  Scenario  1 .  However,  MBfR  costs  are  lower  when  compared  with  the  modified  design  -  the 
cost  for  Scenario  4  was  approximately  30%  lower  at  $528/MG.  The  MBfR  was  shown  to  be 
competitive  with  other  biological  treatment  technologies  for  nitrate  removal. 

IMPLEMENTATION  ISSUES 

The  results  of  this  Demonstration  study  showed  that:  1)  the  MBfR  bioreactor  treatment  system 
provided  consistent  and  robust  nitrate  removal;  2)  the  reactor  provided  reductions  in  perchlorate 
over  90  percent,  but  did  not  meet  the  treatment  objective  of  less  than  6  pig/L;  3)  aeration,  media 
filtration,  and  disinfection  provide  effective  post-treatment;  4)  system  operation  is 
straightforward,  requiring  no  specialized  training;  5)  the  indigenous  bacterial  communities 
fonned  a  biofilm  within  approximately  one  month;  and  6)  total  water  production  costs  are  lower 
than  conventional  IX  treatment.  While  there  are  currently  no  Federal  regulations  for  perchlorate 
in  place,  the  USEPA  has  established  an  Interim  Drinking  Water  Health  Advisory  of  15  pg/L.  The 
CDPH  has  developed  rules  that  are  more  stringent  and  established  a  State  MCL  of  6  pg/L  as  of 
October  2007.  The  MCL  for  nitrate  is  10  mg-N/L.  All  applicable  Federal  and  State  regulations 
and  requirements  for  drinking  water  treatment  must  be  met  for  a  full-scale  MBfR  system.  In 
addition  to  meeting  primary  and  secondary  drinking  water  treatment  regulations,  regulatory 
acceptance,  pennitting,  and  safety  are  important  implementation  issues.  A  major  end-user 
concern  with  this  system  is  use  of  hydrogen,  a  flammable  gas.  The  data  presented  herein 
demonstrated  that  this  issue  was  easily  managed  and  did  not  necessitate  extraordinary  efforts. 
The  following  observations  and  actions  were  part  of  this  Demonstration: 

•  Hydrogen  was  supplied  using  an  on-site  generation  system  with  back-up  cylinders.  The 
cylinders  were  on  a  gas-supply  pad  that  stabilized  and  manifolded  the  gases  together. 

•  Flammable  gas/no-smoking  placards  were  used  at  the  site. 

•  Lower  explosive  limit  (LEL)  sensors  stopped  the  system  when  hydrogen  was  detected. 

•  Liquid  nitrogen  was  supplied  in  a  commercially  available  dewar.  From  a  cold  surface 
hazard  perspective,  liquid  nitrogen  is  handled  as  liquid  oxygen  is  at  commercial  facilities. 

•  Liquid  carbon  dioxide  was  supplied  in  cylinders  similar  to  hydrogen  back-up  cylinders. 
These  were  secured  in  the  same  containment  area  as  hydrogen  and  nitrogen. 

Conditional  acceptance  of  the  MBfR  has  been  obtained  from  CDPH.  The  first  full-scale  MBfR 
system  for  treatment  of  nitrate  in  drinking  water  is  in  the  process  of  being  permitted  at 
Cucamonga  Valley  Water  District.  The  combination  of  data  from  this  Demonstration  project  in 
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conjunction  with  regulatory  acceptance  of  a  full-scale  system  will  support  additional  work  and 
willingness  to  design  and  operate  this  technology  full-scale. 
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1.0  INTRODUCTION 


1.1  BACKGROUND 

Perchlorate  is  a  strong  oxidizer  that  is  primarily  used  in  solid  rocket  fuels,  fireworks,  explosives, 
and  road  flares.  While  perchlorate  can  generate  from  natural  processes,  the  majority  of 
occurrence  in  the  United  States  (U.S.)  is  from  anthropogenic  sources.  Perchlorate  is  a  human 
health  concern  because  it  can  prevent  assimilation  of  iodide  in  the  thyroid  by  competitively 
inhibiting  its  uptake.  Iodide  regulates  nonnal  functions  of  the  thyroid  and  is  critical  in  the  growth 
and  development  of  fetuses,  infants,  and  children  (USEPA  2005).  As  of  February  2011,  the  U.S. 
Environmental  Protection  Agency  (USEPA)  detennined  that  perchlorate  can  be  regulated  under 
the  Safe  Drinking  Water  Act  (SDWA).  EPA  then  began  the  process  of  determining  and 
proposing  a  National  Primary  Drinking  Water  Regulation  (NPDWR)  for  perchlorate  to  establish 
a  national  primary  maximum  contaminant  level  (MCL)  in  drinking  water  (Lehman  and 
Subramani  2011). 

Perchlorate  is  present  in  many  potable  water  supplies  throughout  the  U.S.  (Wang  et  al.  2002), 
with  the  highest  density  of  contamination  in  Southern  California,  west  central  Texas,  and  New 
Jersey,  New  York,  and  Massachusetts  (Lehman  and  Subramani  2011).  From  2001  to  2005, 
USEPA  required  sampling  for  perchlorate  in  potable  water  supplies  that  serve  more  than  10,000 
customers  under  the  Unregulated  Contaminant  Monitoring  Rule  1  (UCMR1).  Of  the  3,865 
drinking  water  systems  that  were  sampled,  perchlorate  was  detected  in  647  samples  from  25 
states,  which  represented  160  systems  (Brandhuber  et  al.  2009).  The  frequency  of  perchlorate 
detection  in  these  systems  was  approximately  4.1  percent  (GAO  2010).  Many  but  not  all  of  the 
anthropogenic  sources  of  perchlorate  were  attributable  to  Department  of  Defense  (DoD)  and 
DoD-contractor  operations. 

Nitrate  (NO3')  is  commonly  found  as  a  co-contaminant  in  water  with  perchlorate  because 
ammonium  nitrate  is  a  main  component  in  rocket  fuel  and  explosives  (Wang  et  al.  2002).  Nitrate 
is  regulated  by  the  SDWA  and  has  an  MCL  of  10  mg-N/L.  Costs  for  mitigating  perchlorate  and 
nitrate  contamination  can  be  significant;  thus,  demonstration  and  validation  of  cost-effective 
treatment  technologies  is  critical  to  the  DoD. 

Anoxic  biodegradation  can  be  used  to  treat  perchlorate  and  nitrate,  and  it  can  result  in  complete 
elimination  of  the  contaminants.  The  anoxic  autotrophic  membrane  biofilm  reactor  (MBfR)  may 
be  used  for  biologically  mediated  perchlorate  and  nitrate  reductions.  Autotrophic  bacteria  do  not 
use  organic  carbon  as  a  source  for  growth;  instead,  they  grow  using  bicarbonate  as  a  carbon 
source.  Since  most  groundwater  is  oligotrophic  (i.e.,  low  organic  carbon),  autotrophic  hydrogen- 
oxidizing  bacteria  would  be  indigenous  and  favored  under  conditions  promoted  in  the  MBfR. 
The  reactor  is  comprised  of  numerous  penneable  hollow  fiber  gas-transfer  membranes  that  are 
pressurized  with  hydrogen  gas.  The  membranes  are  woven  together  into  a  penneable  sheet. 
Water  is  pumped  through  the  reactor  and  contacts  the  outside  of  the  fiber  membranes.  Hydrogen 
is  pumped  through  the  interior  of  the  fibers,  and  a  biofilm  containing  a  community  of  indigenous 
perchlorate-  and  nitrate-reducing  bacteria  grow  on  the  exterior  surface  of  the  hollow  fibers. 
These  bacteria  are  ubiquitous  in  the  environment  (Urbansky  1998).  Hydrogen  serves  as  the 
electron  donor  for  biological  denitrification  of  nitrate  to  elemental  nitrogen  and  for  reduction  of 
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perchlorate  to  chloride  ions.  Use  of  hydrogen  for  autotrophic  biodegradation  is  ideal  because 
hydrogen  has  a  low  biomass  yield,  relatively  low  cost  (13  to  15  times  less  than  common  organic 
amendments),  is  relatively  insoluble  in  water,  and  does  not  persist  in  treated  water,  thereby 
preventing  further  microbial  growth  caused  by  excess  donor  (Rittmann  and  Snoeyink  1984; 
Nerenberg  et  al.  2002). 

The  purpose  of  this  Demonstration  was  to  validate  the  feasibility  of  the  MBfR  for  anoxic 
biodegradation  of  perchlorate  and  nitrate.  A  pilot-scale  drinking  water  treatment  plant  using  the 
MBfR  technology  was  installed  at  the  WVWD  Well  22  facility  in  Rialto,  California.  The 
treatment  train  included  perchlorate  and  nitrate  removal  using  two  MBfRs  in  series.  Additional 
downstream  processing  included  stabilization  of  the  MBfR  effluent  to  remove  DOC  via  aerobic 
biological  filtration.  An  aeration  tank  was  used  to  increase  DO  concentration  and  oxidation- 
reduction  potential  (ORP)  prior  to  filtration.  The  media  filtration  and  a  coagulant  filter  aid  were 
used  to  remove  suspended  solids  and  turbidity.  Water  was  subsequently  disinfected  using 
chlorination.  Post  process  treatment  was  required  by  the  California  Regional  Water  Quality 
Control  Board  prior  to  discharge  back  to  groundwater  and  included  granular  activated  carbon 
(GAC)  filtration  and  ion  exchange  (IX).  GAC  was  used  for  removal  of  chlorinated  solvents 
present  as  a  co-contaminant  in  the  source  water.  IX  was  used  for  removing  residual  perchlorate 
prior  to  injection  back  to  groundwater. 

1.2  OBJECTIVES  OF  THE  DEMONSTRATION 

The  purpose  of  this  Demonstration  was  to  evaluate  the  feasibility  of  the  MBfR  to  destroy 
perchlorate  and  nitrate  in  groundwater  and  produce  potable  water  at  the  pilot  scale,  evaluate 
process  control  parameters  to  optimize  performance,  and  estimate  full-scale  technology  costs. 
Additional  objectives  were  to  obtain  regulatory  acceptance  of  the  technology,  conduct  a  safe 
Demonstration,  and  have  no  pennit  violations. 

Specific  advantages  of  the  technology  include  perchlorate  and  nitrate  destruction,  minimization 
of  DOC  in  the  effluent,  and  minimization  of  TSS  and  bacteria  in  the  produced  water.  The  project 
was  organized  into  four  phases:  Start-Up,  Optimization,  Steady  State,  and  a  Challenge  phase. 
Groundwater  was  pumped  from  a  well  to  an  equalization  tank,  and  then  to  the  MBfR  at  flow 
rates  as  high  as  22  gpm.  The  Start-Up  phase  was  designed  to  promote  growth  of  perchlorate-  and 
nitrate-reducing  bacteria  on  the  hollow  fiber  membranes.  During  Optimization,  operational 
conditions  were  varied  to  evaluate  system  performance  with  respect  to  contaminant  removal  and 
operating  and  maintenance  requirements.  A  period  of  Steady  State  operation  assessed  process 
stability,  which  is  critical  for  potable  water  production.  The  Challenge  phase  included  intentional 
process  upsets  to  assess  resiliency  and  reliability  of  the  technology,  such  as  influent  flow 
shutdown  and  discontinuation  of  electron  donor  delivery. 

1.3  REGULATORY  DRIVERS 

Widespread  contamination  of  groundwater  with  perchlorate  was  not  discovered  in  the  U.S.  until 
1997.  During  that  year,  the  CDPH  adopted  a  provisional  action  level  of  18  pg/L  based  on  limited 
toxicological  data,  but  there  was  no  analytical  method  that  was  sensitive  to  this  concentration. 
Later  that  year,  a  new  analytical  method  was  developed  that  was  more  sensitive  with  a  detection 
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limit  of  4  pg/L  (Hatzinger  2005;  USEPA  1998).  EPA  added  perchlorate  to  the  Contaminant 
Candidate  List  (CCL)  in  1998.  This  list  encompasses  contaminants  that  are  being  considered  for 
regulation  under  the  Safe  Drinking  Water  Act  (SDWA).  From  2001  to  2005,  the  USEPA 
required  drinking  water  utilities  to  monitor  for  perchlorate  and  report  results  under  Unregulated 
Contaminant  Monitoring  Rule  1  (UCMR1).  In  February  2005,  EPA  set  the  official  reference 
dose  for  perchlorate  as  0.0007  milligrams  per  kilogram  per  day  (mg/kg/d),  a  drinking  water 
equivalent  level  (DWEL)  of  24.5  pg/L  based  on  the  monitoring  results  and  results  from 
additional  toxicological  investigations  from  the  National  Research  Council  of  the  National 
Academy  of  Sciences  (Lehman  and  Subramani  2011).  USEPA  has  since  established  an  Interim 
Drinking  Water  Health  Advisory  of  15  pg/L.  In  the  absence  of  formal  federal  regulatory 
guidance,  several  states  began  regulating  perchlorate  in  drinking  water.  In  2006  Massachusetts 
established  an  MCL  of  2  pg/L,  in  October  2007  California  established  an  MCL  of  6  pg/L,  and  in 
2009  New  Jersey  established  an  MCL  of  5  pg/L  (Lehman  and  Subramani  2011).  Perchlorate  is 
also  governed  under  the  California’s  guidance  document  for  the  use  of  extremely  impaired 
sources  when  the  concentration  exceeds  10  times  the  MCL  (60  pg/L),  the  source  water  “is 
extremely  threatened  with  contamination  due  to  proximity  to  known  contaminating  activities”, 
“contains  a  mixture  of  contaminants  of  health  concern”,  or  “is  designed  to  intercept  known 
contaminants  of  health  concern”  (CDPH  1997).  In  February  2011,  EPA  released  the 
detennination  that  perchlorate  met  the  SDWA  criteria  for  regulation,  and  EPA  is  currently  in  the 
process  of  establishing  an  MCL  (Lehman  and  Subramani  2011).  Nitrate  is  regulated  by  the 
SDWA  and  has  an  established  MCL  of  10  (mg-N/L). 

In  addition  to  meeting  regulatory  requirements  for  perchlorate  and  nitrate,  groundwater  that  is 
used  as  a  drinking  water  source  needs  to  comply  with  all  applicable  regulations  under  EPA’s 
SDWA.  This  includes  relevant  regulations  such  as  the  Total  Colifonn  Rule  (TCR),  the  Interim, 
Long  Term  1,  and  Long  Tenn  2  Enhanced  Surface  Water  Treatment  Rules  (SWTR),  the  UCMR 
1,  Filter  Backwash  Recycling  Rule  (FBRR),  the  Stage  1  and  Stage  2  Disinfection  Byproduct 
(DBP)  Rules,  the  Groundwater  Rule,  and  the  Lead  and  Copper  Rule.  Several  states  have  their 
own  regulations  that  are  more  stringent  than  the  SDWA.  The  CDPH  is  responsible  for  certifying 
drinking  water  treatment  technologies  pursuant  to  California  Health  and  Safety  Code  Section 
116830.  The  CDPH  is  also  responsible  for  pennitting  drinking  water  supplies.  The  California 
Code  of  Regulations  (CCR),  Title  22  (Social  Security),  Division  4  (Environmental  Health) 
specifies  requirements  for  potable  water  that  are  analogous  to  the  SDWA.  Accordingly,  specific 
treatment  requirements  for  potable  water  production  in  addition  to  perchlorate  and  nitrate 
removal  include  but  are  not  limited  to: 

•  Compliance  with  primary  drinking  water  standards  for  nitrite. 

•  Filtration  to  remove  suspended  solids  and  bacteria. 

•  Disinfection  to  ensure  that  the  potable  water  supply  does  not  contain  pathogenic  bacteria 
(e.g.,  E.  coli,  fecal  coliforms,  and  total  coliforms)  or  elevated  levels  of  heterotrophic 
bacteria. 

DBP  formation  is  measured  by  monitoring  for  trihalomethanes  (THMs)  and  haloacetic  acids 
(HAAs)  at  the  effluent  of  the  finished  water.  Currently,  the  USEPA  and  the  State  of  California 
have  established  MCLs  of  0.08  mg/L  and  0.06  mg/L  for  THMs  and  HAAs,  respectively. 
Additional  analysis  for  DBP  formation  potential  (DBP-FP)  and  nitrosamines  were  monitored 
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during  steady  state  and  the  Challenge  phase  per  request  by  the  CDPH.  California  considers  N- 
nitrosodimethylamine  (NDMA)  and  other  nitrosamines  as  emerging  contaminants  and 
consequently  has  not  issued  an  MCL.  However,  the  State  of  California  issued  a  Notification 
Level  of  10  nanograms  per  liter  (ng/L)  for  three  nitrosamines:  N-nitrosodiethylamine  (NDEA), 
NDMA,  and  N-nitrosodi-n-propylamine  (NDBA).  Response  levels  are  concentrations  where 
CDPH  recommends  removing  the  source  from  service,  as  water  quality  levels  correspond  to  a 
10’4  risk  level  for  cancer.  Response  Levels  of  100,  300,  and  500  ng/L  are  set  by  CDPH  for 
NDEA,  NDMA,  and  NDBA,  respectively.  The  USEPA  has  not  specified  an  MCL  for 
nitrosamines. 

1.4  STAKEHOLDER/END-USER  ISSUES 

Potential  stakeholders  and  end-users  for  the  technology  include  DoD  Remedial  Project 
Managers,  DoD  contractors,  private  and  public  water  utilities,  and  regulatory  agencies  including 
the  CDPH.  The  general  public  is  an  important  end-user  since  they  will  consume  potable  water 
produced  by  a  pennitted  full-scale  system.  These  stakeholders  and  end-users  may  use  or  evaluate 
the  technology  for  potable  water  production  from  groundwater  contaminated  with  perchlorate 
and  nitrate.  This  technology  may  also  be  used  for  non-potable  water  treatment,  as  in  remediation 
of  contaminated  groundwater.  The  technology  may  also  be  applicable  to  reduction  of  other 
oxidized  contaminants  including  trichloroethene,  chromium  VI,  selenate,  and  others  (Chung  et 
al.  2006b;  Chung  and  Rittmann  2007;  Chung  et  al.  2007;  Rittmann  et  al.  2004). 

This  Demonstration  answered  several  questions  about  MBfR  for  perchlorate  and  nitrate 
reduction,  including: 

•  Is  the  process  robust  to  potential  process  upsets? 

•  What  are  the  treatment  costs? 

•  How  does  the  technology  perfonn  under  various  operating  conditions? 

•  What  are  the  key  design  parameters  for  technology  optimization? 

•  What  is  the  likelihood  for  regulatory  acceptance  of  the  technology? 


4 


2.0 


TECHNOLOGY 


2.1  TECHNOLOGY  DESCRIPTION 

The  MBfR  process  is  based  on  the  latest  advances  in  membrane  technology  and  includes  anoxic 
biological  reduction  using  a  staged  hydrogen-fed  membrane  biofilm  reactor  followed  by  aerobic 
biological  stabilization,  media  filtration,  and  disinfection  (Figure  2.1).  This  technology  builds 
upon  a  number  of  previously  successful  MBfR  studies  treating  high  concentrations  of  perchlorate 
and  nitrate  in  groundwater.  The  MBfR  design  uses  permeable  hollow-fiber  membranes 
pressurized  with  hydrogen  gas  (H2).  Hydrogen  is  fed  to  the  lumen  of  hollow-fiber  gas-transfer 
membranes,  and  bacteria  grow  naturally  as  a  biofilm  on  the  exterior  of  the  membranes  exposed 
to  contaminated  water.  Membrane  sheets  of  woven  hollow-fiber  filaments  are  wrapped  around 
an  interior  perforated  core,  and  water  flows  out  radially  (Figure  2.1c).  Hollow  fiber  membranes 
are  widely  used  in  a  range  of  industries  for  bubble-less  gas  transfer.  Bubble-less  gas  transfer 
allows  delivery  of  hydrogen  gas  directly  to  the  bacteria.  This  results  in  nearly  100  percent 
hydrogen  usage,  which  makes  the  process  economical  (no  donor  waste)  and  safe. 


Figure  2.1  Schematic  of  Hydrogen-Fed  MBfR  (a)  Membrane  Cross  Section,  (b)  Woven 


Fibers  and  Biofilm,  and  (c)  Membrane  Module  Design 

The  treatment  process  for  the  Demonstration  consisted  of  two  5  75 -gallon  MBfR  vessels,  in  a 
two-stage  lead/lag  configuration  containing  seven  polypropylene-fiber  membrane  modules  in 
each  tank.  The  14  modules  had  a  total  membrane  surface  area  of  2,000  m  .  Influent  water  was 
fed  into  the  lead  MBfR  vessel.  The  lead  vessel  effluent  then  flowed  into  the  lag  MBfR  vessel. 
Recirculation  pumps  with  an  adjustable  flow  rate  of  70  to  280  gpm  were  used  for  recirculating 
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water  through  the  membrane  modules  in  each  MBfR  vessel.  The  MBfR  lag  vessel  effluent  was 
subsequently  processed  by  aeration,  media  fdtration,  and  disinfection.  Indigenous 
microorganisms  from  the  feed  water  attached  on  to  the  membrane  surface  and  created  a  biolilm. 
Adequate  quantities  of  electron  donor  (hydrogen  gas)  and  nutrients  (phosphoric  acid)  were  added 
to  the  reactors.  The  attached  microorganisms  preferentially  consumed  DO,  nitrate,  and 
perchlorate.  As  such,  the  biofilm  contained  aerobic,  nitrate-reducing,  and  perchlorate-reducing 
bacteria.  Sulfate  can  also  be  reduced  to  sulfide  provided  sufficient  hydrogen  gas  is  delivered. 

The  biological  process  was  staged  to  minimize  reactor  volume  and  control  growth.  The  goal  was 
to  achieve  an  increased  volumetric  loading  by  taking  advantage  of  the  well-known  plug-flow 
effect  from  using  reactors  in  series.  Reactors  in  series  allow  treatment  of  higher  substrate 
concentrations  in  the  first  stage,  with  a  low  concentration  in  the  lag  reactor  to  act  as  a  polishing 
process  and  meet  low-level  effluent  standards.  The  first  stage  was  used  to  remove  DO,  nitrate, 
and  some  perchlorate.  The  second  stage  was  used  to  remove  the  remainder  of  the  perchlorate. 
The  two  vessels  alternated  positions  between  lead  and  lag  periodically  to  sustain  similar 
biological  growth  between  the  two  vessels.  Carbon  dioxide  (CO2)  was  used  for  pH  control  to 
prevent  precipitation  of  hardness.  The  denitrification  process  produces  alkalinity,  which 
increases  the  pH.  Carbon  dioxide  was  added  to  lower  the  pH  back  to  near  neutral,  with  a  set 
point  of  7.2  standard  units  (SU).  Carbon  dioxide  was  also  used  as  a  carbon  source  for  microbial 
assimilation.  The  stoichiometric  relationships  between  hydrogen,  carbon  dioxide,  and  electron 
donor  with  cell  mass  production  (C5H7O2N),  alkalinity  produced  (hydroxide  ion,  OH'),  and  other 
byproducts  for  different  electron  acceptors  were  developed  assuming  0.091  as  the  fraction  of 
electrons  going  to  assimilate  biomass  per  electron  from  hydrogen  (Rittmann  and  McCarty  2001), 
as  follows: 

Oxygen:  4.4H2  +  202  +  0.143CO2  +  0.0285N03'  -»  0.0285C5H7O2N  +  0.02850H'  +  4.286H20 

Nitrate:  4.4H2  +  1.6285NOf  +  0.143CO2  +  ->  0.0285C5H7O2N  +  0.8N2  +  1.62850H'  +  3.629H20 

Perchlorate:  4.4H2  +  ClOf  +  0.143CO2  +  0.0285N03'  -»  0.0285C5H7O2N  +  Cl'  +  0.02850H'  +  4.286H20 

Sulfate:  4.4H2  +  S042'  +  0.143CO2  +  0.0285N03  0.0285C5H7O2N  +  HS'  +  1.0285OH'  +  3.286H20 

The  low  biomass  yield  of  0.0285  mole  of  C5H7O2N  per  mole  NO3'  translates  into  a  slow  growth 
rate  for  autotrophs  (Lee  and  Rittmann  2002)  and  thus  fewer  operational  controls  needed  for 
biomass  control  and  lower  solids  handling. 

Post  Treatment :  For  drinking  water  treatment  applications,  post-MBfR  processes  need  to  achieve 
the  following  water  quality  goals: 

•  Water  stability:  since  biological  nitrate  and  perchlorate  reduction  requires  anoxic 
conditions,  water  must  be  re-aerated  during  the  post-treatment  process.  Oxygenation  also 
removes  taste  and  odor-causing  compounds  (e.g.  sulfide). 

•  Turbidity:  to  meet  SWTR  requirements. 

•  Wastewater  solids  management:  solids  generated  from  sparging  the  MBfR  and  media 
filter  backwashing  must  be  disposed  of  using  an  appropriate  method. 

•  Disinfection:  as  with  any  drinking  water  treatment  process,  a  disinfection  step  must  be 
included  to  minimize  the  potential  for  bacteria  regrowth  and  meet  CT  requirements. 

•  Disinfection  Byproduct  Formation:  DBPs  must  be  below  their  respective  MCLs. 
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The  treatment  processes  implemented  downstream  of  the  MBfR  included  aeration,  media 
filtration,  and  disinfection.  Additional  processing  prior  to  groundwater  re-injection  included 
filtration  through  GAC  and  IX  resin  to  meet  California  Regional  Water  Quality  Control  Board 
pennit  requirements.  The  process  flow  diagram  is  provided  in  Figure  2.2. 

The  first  step  after  MBfR  treatment  was  aeration  to  replenish  DO.  After  aeration,  water  passed 
through  a  media  filter  where  solids  and  DOC  were  removed.  A  coagulant,  or  filter  aid,  was 
added  prior  to  the  media  filter.  This  chemical  addition  allowed  for  more  efficient  suspended 
solids  removal  by  the  filter.  The  effluent  from  the  media  filter  was  pumped  to  the  finished  water 
where  sodium  hypochlorite  was  added  for  disinfection.  This  water  was  discharged  to  the  sump 
tank.  Water  from  the  sump  tank  was  fed  through  two  bag  filters  operated  in  parallel  for  solids 
removal  prior  to  two  GAC  vessels  operated  in  series.  The  GAC  vessels  removed  volatile  organic 
compounds  that  were  present  as  co-contaminants.  For  complete  removal  of  perchlorate  before  re¬ 
injection  to  groundwater,  the  GAC  effluent  was  conveyed  through  two  IX  vessels  in  series.  A 
back  flush/effluent  tank  system  capable  of  storing  media  filter  backwash  water  was  also  part  of 
the  system.  Key  design  criteria  for  the  MBfR  included: 

•  Membrane  surface  area 

•  Membrane  packing  density 

•  Number  of  reactor  stages 

•  Hydraulic  residence  time  in  each  stage 

•  Influent  flow  rate  and  electron  acceptor  loading 

•  MBfR  water  recirculation  flow  rate 

•  Hydrogen  gas  pressure 

•  Hydrogen  consumption  rate 

•  Sparge  frequency 

•  Sparge  gas  composition 

Key  design  criteria  for  the  media  filter  system  included: 

•  Coagulant/filter  aid  type  and  dose 

•  Filter  surface  loading  rate 

•  Filter  media  type(s)  and  depth(s) 

•  Backwash  frequency 
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Figure  2.2  Process  Flow  Diagram 
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Factors  Affecting  Performance  of  the  MBfR :  A  simple  steady-state  mass  balance  on  the 
contaminant  (perchlorate  or  nitrate)  around  the  MBfR  can  be  expressed  as: 


0  =  QC0  -  QC  -  JAY 


(2.1) 


■y 

where  Q  =  volumetric  flow  rate,  cubic  meters  per  day  (m  /d) 

C0=  influent  contaminant  concentration,  grams  per  cubic  meter  (g/nr) 

C  =effluent  contaminant  concentration,  g/m3 
J  =  contaminant  flux,  grams  per  square  meter  per  day  (g/m  -d) 

A  =  biofilm  specific  surface  area,  square  meters  per  cubic  meter  (m2/m3) 

V  =  MBfR  volume,  cubic  meters  (m  ) 

Rearranging  (2.1)  to  solve  for  C  provides  a  useful  format  for  understanding  in  equation  2.2: 

C  =  Co  -  JAV/Q  (2.2) 

The  product  JAV/Q  gives  the  removal  of  the  contaminant  in  terms  of  concentration.  It  shows  the 
inherent  trade-offs  among  J,  A,  and  V  for  a  given  Q  and  C0.  For  instance,  large  values  of  J,  A,  or 
both  make  it  possible  to  have  a  small  value  of  V,  which  leads  to  savings  in  construction  and  land 
costs.  Likewise,  a  high  value  of  the  specific  surface  area  (A)  makes  it  possible  to  trade  off  high 
flux,  and  vice  versa.  In  general,  it  is  desirable  to  have  a  large  flux  (J).  Factors  that  can  lead  to  a 
large  flux  and  that  were  considered  in  this  project  are: 

•  Contaminant  loading.  As  a  first  approximation,  the  reduction  kinetics  for  perchlorate 
degradation  is  first  order,  which  means  greater  perchlorate  concentrations  increase  J 
proportionally.  Increasing  influent  flow  rates  increases  contaminant  loading. 

•  Fast  mass-transport  of  the  contaminant  from  the  bulk  liquid  to  the  surface  of  the  biofilm. 
This  is  controlled  by  turbulence,  which  depends  on  the  liquid  velocity  past  the  biofilm. 
The  liquid  velocity  is  controlled  by  the  amount  of  process  water  that  is  recycled.  The 
liquid  velocity  was  used  to  maintain  an  optimum  biofilm  thickness. 

•  Hydrogen  availability.  An  increased  hydrogen  pressure,  which  controls  the  availability  of 
the  donor  substrate  to  the  biofilm,  increases  hydrogen  and  contaminant  flux  (Lee  and 
Rittmann  2002).  Hydrogen  pressure  controls  the  flux  with  a  nearly  linear  relationship 
(Ziv-El  and  Rittmann  2009). 

•  A  high  accumulation  of  the  desired  bacteria  in  the  biofilm.  In  this  case,  the  key  bacteria 
are  those  that  reduce  perchlorate  and  nitrate.  While  oxygen  is  a  preferred  electron 
acceptor  followed  by  nitrate  and  nitrite,  perchlorate  reduction  will  occur  once  these 
competing  electron  acceptors  are  low  enough.  Previous  research  showed  that  perchlorate 
reducers  are  facultative  anaerobes  and  can  reduce  nitrate  and  oxygen  as  well  as 
perchlorate  to  gain  energy  and  grow.  This  is  called  secondary  utilization  of  perchlorate. 
In  addition,  other  bacteria  that  can  reduce  oxygen  and/or  nitrate  may  also  be  present  in 
the  biofilm.  Co-reduction  of  perchlorate,  nitrate  and  oxygen  at  high  rates  is  favored  by 
having  a  high  concentration  of  active  biomass.  This  concentration  depends  on  the  influent 
groundwater  chemistry  as  well  as  the  MBfR  staging.  A  high  concentration  of  desired 
bacteria  in  the  biofilm  is  preferable  for  high  biofilm  thickness  because  of  mass  transfer 
limitations  and  greater  maintenance  requirements. 
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•  Staging.  A  high  influent  concentration  of  perchlorate  drives  faster  kinetics,  but  is 
contrary  to  achieving  a  low  effluent  concentration.  However,  this  conundrum  is  solved 
by  having  multiple  stages  in  series.  A  high  concentration  occurs  in  the  first  stage  so  that 
J  is  high,  but  the  next  stage  has  a  low  C  and  J  to  meet  lower  effluent  water  quality 
objectives.  J  averaged  over  the  entire  system  is  increased  considerably  by  staging 
(Levenspiel  1962),  and  this  translates  into  smaller  capital  costs  and  space  requirements. 

Although  high  J  is  desirable  for  good  performance  and  cost  effectiveness,  it  is  not  the  only  factor 
that  can  be  optimized  to  achieve  the  goals.  The  other  powerful  tool  is  achieving  a  high  specific 
surface  area,  A.  A  high  specific  surface  area  can  be  attained  by  proper  combination  of  two 
strategies: 

•  Fine  fibers  with  a  high  ratio  of  surface  area  to  mass  or  volume.  The  specific  surface  area 
of  one  fiber  is  inversely  proportional  to  its  diameter.  Thus,  making  the  diameter  smaller 
automatically  increases  A.  For  instance,  decreasing  the  fiber  diameter  from  300 
micrometers  (pm)  to  100  pm  increases  each  fiber’s  specific  surface  area  threefold.  This 
strategy  is  limited  by  the  ability  to  manufacture  a  durable  fiber  in  smaller  diameters. 

•  High  packing  density.  Increasing  the  number  of  fibers  per  unit  volume  of  the  MBfR 
makes  the  specific  surface  area  proportionally  higher.  For  instance,  increasing  the  density 
from  3  percent  of  the  reactor  volume  to  9  percent  increases  A  threefold.  The  packing 
density  should  not  be  increased  so  much  that  it  prevents  good  water-flow  distribution  in 
the  fibers  or  that  it  allows  the  fibers  to  clump  together. 

Periodic  pulsing  with  gas  and  backwashing  are  a  means  to  prevent  fiber  clumping  and  maintain 
good  flow  distribution,  despite  using  small  fibers  at  a  high  packing  density.  Gas  pulsing  in  the 
MBfR  stages  is  conducted  by  sparging  with  nitrogen  gas  or  alternatively  with  air. 

2.2  TECHNOLOGY  DEVELOPMENT 

The  MBfR  technology  for  perchlorate  and  nitrate  removal  was  invented,  developed,  and 
extensively  tested  by  Dr.  Bruce  Rittmann  and  co-workers  (Lee  and  Rittmann  2002;  Nerenberg 
and  Rittmann  2004;  Nerenberg  et  al.  2003;  Nerenberg  et  al.  2002;  Rittmann  and  Lee  2002). 
Bench-scale  MBfRs  reduced  perchlorate  from  105  pg/L  to  less  than  4  pg/L  with  a  perchlorate 
flux  of  23  milligrams  per  square  meter  per  day  (mg/nr/d);  this  demonstrated  the  potential  for  the 
MBfR  to  be  a  cost-effective  full-scale  design.  Additional  research  that  validated  perchlorate 
removal  by  hydrogen-fed  autotrophs  in  bioreactors  has  been  conducted  by  Dr.  Bruce  Logan 
(Logan  and  LaPoint  2002;  Miller  and  Logan  2000;  Logan  et  al.  2004).  MBfR  flux  measured  in 
Dr.  Rittmann’s  laboratory  demonstrated  first-order  reaction  kinetics  and  the  importance  of 
hydrogen  pressure.  MBfR  design  data  for  a  staged  process  based  on  Dr.  Rittmann’s  data 
demonstrated  the  value  of  reactor  staging  (Rittmann  et  al.  2004).  Increased  hydrogen  pressure 
countered  the  effect  of  increased  nitrate  loading  to  the  MBfR  (Lee  and  Rittmann  2002).  These 
data  supported  MBfR  responsiveness  to  changing  water  quality  and  operational  conditions. 

Pilot-scale  testing  of  the  MBfR  technology  and  an  engineering  analysis  were  conducted  at  La 
Puente  Water  Treatment  Plant  in  California  (Adham  et  al.  2004).  While  the  pilot  system 
successfully  reduced  perchlorate  from  approximately  60  pg/L  to  less  than  4  pg/L  and  generated  a 
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wealth  of  operating  experience,  the  typical  flow  rate  of  0.3  gpm  was  too  low  to  obtain  accurate 
cost  and  perfonnance  data.  Furthennore,  the  membrane  module  design  used  at  La  Puente  was 
poorly  suited  for  the  MBfR  and  resulted  in  slow  mass  transfer  and  short-circuiting. 

The  microbial,  functional,  and  structural  interactions  between  perchlorate  and  nitrate  reduction  in 
the  MBfR  biofilm  was  recently  investigated  for  an  MBfR  system  that  had  complete  reduction  of 
perchlorate  and  nitrate  when  hydrogen  was  not  limiting.  The  MBfR’s  biofilm  was  found  to  be 
composed  of  autotrophic  genera  Sulfuricurvum,  Hydrogenophaga,  and  Dechloromonas 
dominating  the  biofilm  (Zhao  et  al.  2011).  The  hydrogen-based  MBfR  also  has  been  shown  to  be 
highly  effective  for  reducing  a  wide  range  of  oxidized  contaminants  beyond  nitrate  and 
perchlorate  (Nerenberg  and  Rittmann  2004;  Rittmann  et  al.  2004;  Adham  et  al.  2005;  Chung  et 
al.  2006b;  Chung  et  al.  2006c;  Chung  et  al.  2006d).  These  include  TCE,  chromate,  selenate,  and 
bromate.  Thus,  the  hydrogen-based  MBfR  removed  multiple  oxidized  contaminants 
simultaneously.  A  list  of  oxidized  contaminants  that  have  been  demonstrated  with  the  MBfR  to 
date  is  shown  in  Table  2.1. 


Table  2.1  Chronological  Development  of  the  MBfR  Technology 


Year 

Application 

Scale 

Efficiency/Loading  / 
Removal  Rate 

Reference 

2002 

no3- 

Bench 

92%  -  Co  5  mg-N/L 

(Lee  and  Rittmann 
2002) 

2002 

C104" 

Bench 

30  to  99%  -  Co  0.2  to  25  mg/L 

(Nerenberg  et  al. 
2002) 

2003 

C104" 

Pilot 

C104':  96%  -  Co  55  pg/L 
N03':>97%  -  Co  5.5  mg-N/L 

(Nerenberg  et  al. 
2003) 

2004 

C104",  NCV 

Lab, 

bench 

C104':  95%  -  Co  50  pg/L 

N03':  76%  -  Co  10  mg/L 

(Rittmann  et  al. 

2004) 

2006 

Arsenate  [As(V)] 

Lab 

68% -Co  0.142  mg/L 

(Chung  et  al. 

2006a;  Chung  et  al. 
2007) 

2006 

Chromate  [Cr(VI)] 

Lab 

84%  -  Co  1000  pg/L 

(Chung  et  al. 

2006d) 

2006 

Selenate  [Se(VI)] 

Lab 

94%  -  Co  260  pg/L 

(Chung  et  al. 

2006c;  Chung  et  al. 
2006b) 

2007 

Bromate  (BrOf) 

Lab 

>99%  -  Co  1.5  mg/L 

(Chung  and 

Rittmann  2007) 

2007 

Bromate 

Lab 

>99%  -  Co  1.5  mg/L 

(Downing  and 
Nerenberg  2007) 

2007 

N03',  C104',  Se(VI), 
Cr(VI),  As(V), 
Dibromochloropropane 
(DBCP) 

Bench 

N03':  >99%  -  Co  10  mg-N/L; 
DBCP:  below  detection  (BD) 

-  Co  1.4  pg/L; 

C104'  and  CL03':  BD  - 
Co  82  pg/L 

(Chung  et  al.  2007) 

2008 

N03',  C104' 

Bench 

N03':  5.4  g-N/m2-d 

C104':  5.0g  C104/m2-d 

(Van  Ginkel  et  al. 
2008) 
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Year 

Application 

Scale 

Efficiency/Loading  / 
Removal  Rate 

Reference 

2008 

1,1,1  -Trichloroethane 
(TCA),  TCE, 
Chlorofonn  (CCfi) 

Lab 

87%  (TCE),  95%  (TCA),  99% 
(CC14)  -  Co  1000  pg/L  of  each 

(Chung  and 

Rittmann  2008) 

2008 

TCE 

Lab 

93%  -  Co  1  mg/L 

(Chung  et  al. 

2008a) 

2008 

NDMA 

Lab 

96%  -  Co  0.2  pg/L 

(Chung  et  al. 

2008b) 

2009 

MV 

Lab 

>99%  -  Co  200  with  230  g- 
N/m2-d  loading 

(Hasar  2009) 

2009 

N03',  C104' 

Lab 

NO3':  >99.5%  with  0.21  mg- 
NCU/cnr-d  loading; 

CIO4’:  3.4  pg/cm2-d  loading 

(Ziv-El  and 

Rittmann  2009) 

2011 

/;-Chloronitrobcnzcnc 

Lab 

99.3%  -  Co  2  mg/L 

(Xia  et  al.  2011) 

2011 

2-Chlorophenol 

Lab 

94.7%  -  Co  1-5  mg/L 

(Xia  et  al.  2011) 

East  Valley  Water  District  (EVWD)  Perchlorate  Reduction  Demonstration 

The  first  stage  of  this  project  involved  a  pilot-scale  Demonstration  of  the  MBfR  at  East  Valley 
Water  District  (EVWD).  An  MBfR  with  post  media  filtration  was  demonstrated  for  perchlorate 
reduction  using  groundwater  at  EVWD  Well  28A  in  San  Bernardino,  California.  The  six-month 
Demonstration  included  1)  a  Start-Up  phase  designed  to  promote  growth  of  perchlorate-reducing 
bacteria  (PRB)  on  the  membranes,  and  2)  an  Optimization  phase  of  variable  operating  conditions 
to  test  system  perfonnances,  and  to  assess  compliance  with  regulatory  requirements. 

The  process  included  MBfR  modules  with  cellulose  triacetate  (CTA)  membranes,  aerobic 
biodegradation,  media  filtration,  and  chlorination.  Post-processing  steps  were  integrated  for  the 
removal  of  DOC,  TSS,  bacteria,  and  disinfection.  A  series  of  quantitative  and  qualitative 
perfonnance  objectives  were  established  for  the  Demonstration.  The  quantitative  perfonnance 
objective  for  perchlorate  was  an  effluent  concentration  of  6  pg/L.  The  qualitative  perfonnance 
objectives  of  safety  and  permit  compliance  were  specific  for  Demonstration  activities  per  se 
rather  than  the  technology,  but  were  critical  for  the  successful  Demonstration.  Taste  and  odor 
were  considered  a  critical  aspect  of  general  public  acceptance. 

During  Start-Up,  perchlorate  removal  was  achieved  in  about  6  weeks,  with  influent 
concentrations  of  approximately  50  pg/L  reduced  to  less  than  6  pg/L.  However,  perchlorate 
removal  was  not  sustained  because  of  excessive  biofilm  growth  and  short-circuiting  as  described 
below. 

During  the  Optimization  phase,  the  impacts  of  various  operational  parameters  on  perchlorate 
reduction  and  effluent  water  quality  were  investigated.  These  included  influent  flow  rate, 
perchlorate  concentration,  and  recirculation  rate.  The  MBfR  was  tested  over  progressive 
increases  in  flow  rates  from  1  to  6  gpm  to  assess  system  performance  under  variable  loadings. 
Influent  concentrations  of  perchlorate  (approximately  55  pg/L)  and  nitrate  (approximately  7  mg- 
N/L)  were  constantly  fed  to  the  reactor  during  Optimization.  Effluent  perchlorate  and  nitrate 
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concentrations  below  the  set  success  criteria  were  observed  at  a  flow  rate  of  1  gpm.  When  the 
system  flow  rate  increased  from  1  gpm  to  3  gpm,  perchlorate  performance  was  maintained. 
However,  there  was  a  slight  increase  in  effluent  nitrate  and  nitrite  concentrations;  thus  the 
perfonnance  requirements  for  nitrate  and  nitrite  were  not  met.  The  reactor  perfonnance  abruptly 
deteriorated  during  the  next  3  weeks  when  the  system  was  operated  at  6  gpm.  Under  these 
conditions,  effluent  perchlorate  concentrations  increased  to  approximately  45  pg/L  and  total 
nitrogen  increased  to  approximately  3.8  mg-N/L.  The  influent  flow  rate  was  decreased  from  6 
gpm  back  to  an  intermediate  flow  of  3  gpm  for  1  month.  Although  perchlorate  and  nitrate 
removal  were  slightly  improved  at  3  gpm  to  approximately  25  pg/L  and  1.5  mg/L,  respectively, 
the  success  criterion  for  perchlorate  was  not  met.  The  flow  rate  was  then  decreased  to  1  gpm, 
which  resulted  in  effluent  nitrate  below  detection  and  effluent  perchlorate  of  approximately  18 
pg/L  after  2  weeks.  Recirculation  flow  in  the  MBfR  was  increased  from  90  to  180  gpm  to  further 
promote  perchlorate  reduction  and  to  support  system  recovery.  Although  perchlorate  reduction 
improved  significantly  (approximately  65  percent)  and  effluent  nitrate  was  reduced  to  below 
detection,  the  perchlorate  performance  objective  was  not  met.  The  feed  perchlorate  concentration 
was  then  reduced  from  50  pg/L  to  15  pg/L  (i.e.,  the  typical  EVWD  well  28A  concentration)  to 
determine  if  the  MBfR  was  capable  of  achieving  the  6-pg/L  perchlorate  goal  when  the  feed 
concentration  was  lowered.  This  resulted  in  effluent  concentrations  lower  than  6  pg/L,  which 
met  the  success  criterion  for  perchlorate. 

The  analysis  of  the  results  and  visual  examination  of  biofilm  growth  at  the  membrane  surface 
revealed  possible  explanations  of  poor  system  performance.  There  was  an  uneven  distribution  of 
bacteria  at  the  membrane  surfaces  in  the  three  bioreactors,  the  high  accumulation  of  biomass  in 
the  first  stage  and  the  limited  biofilm  density  in  the  third  stage  indicated  a  poor  biofilm  control, 
and  possible  poor  flow  distribution,  thus  the  loss  of  effective  membrane  surface  area  for  mass 
transfer  to  occur.  The  membranes  had  regions  sparsely  populated  with  biofilm  and  other  regions 
densely  populated  with  biomass.  Several  areas  had  dark  brown/black  biomass,  which  indicated 
over-reducing  conditions.  A  variety  of  operating  configurations  were  unsuccessful  in 
overcoming  the  maldistribution  of  biofilm  and  flow.  The  design  of  the  membrane  modules  was 
concluded  to  be  the  primary  factor  causing  maldistribution  -  the  design  included  bundles  of 
individual  fibers  that  could  not  be  sparged  or  backwashed  effectively.  An  alternative  membrane 
design  was  warranted  to  validate  the  feasibility  of  this  technology.  The  MBfR  modules  from 
EVWD  were  redesigned  to  improve  biofilm  control  and  improve  perfonnance.  The 
Demonstration  at  WVWD  is  the  focus  of  this  report,  which  was  based  on  an  MBfR  with  the 
revised  design.  Additional  details  are  provided  in  Appendix  H. 

2.3  ADVANTAGES  AND  LIMITATIONS  OF  THE  TECHNOLOGY 

The  membrane-based  system  for  bio-reduction  of  perchlorate  and  nitrate  has  the  following 
advantages: 

•  Perchlorate  and  nitrate  are  biologically  reduced  to  chloride,  water,  and  nitrogen  gas.  Thus, 
the  target  contaminants  are  eliminated,  not  transferred  to  another  phase,  as  is  the  case  for  IX 
resin,  tailored  activated  carbon,  and  reverse  osmosis. 

•  Hydrogen-based  bio-reduction  in  the  MBfR  uses  an  inorganic  electron  donor  (i.e.,  hydrogen) 
and  an  inorganic  carbon  source  (i.e.,  bicarbonate  or  carbon  dioxide)  for  autotrophic  bacteria. 
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This  eliminates  the  need  to  supply  an  organic  electron  donor  to  support  heterotrophic 
bacteria,  as  is  the  case  for  other  biological  treatment  approaches  such  as  fluidized  bed 
reactors,  packed  or  fixed  bed  reactors,  and  continuous  stirred  tank  reactors.  Advantages  of 
autotrophy  over  heterotrophy  include  reduced  biomass  generation,  decreased  electron  donor 
costs,  lower  residual  organics  requiring  downstream  treatment,  lower  potential  for 
disinfection  by-product  formation  because  of  lower  residual  organics,  less  potential  for 
pathogen  growth,  and  self-regulating  control  of  the  hydrogen-supply  rate.  Thus,  the  MBfR 
makes  the  biological  reduction  process  simple,  reliable,  and  less  costly. 

•  Biological  reduction  of  perchlorate  with  the  MBfR  is  likely  to  be  approved  by  regulators. 
For  example,  the  CDPH,  in  reviewing  pilot-scale  work  conducted  at  La  Puente,  stated  in  their 
June  16,  2003  letter,  “The  membrane  biofilm  reactor  does  appear  to  be  a  promising 
technology  for  perchlorate  reduction”  (Adham  et  al.  2004).  The  letter  includes  specific 
comments  that  are  addressed  as  part  of  this  Demonstration  project. 

•  The  hydrogen-based  MBfR  technology  may  also  degrade  other  oxidized  contaminants  that 
often  occur  along  with  nitrate  and  perchlorate.  These  include  selenate,  chromate,  bromate, 
and  TCE.  Thus,  this  technology  may  be  used  to  solve  many  problems,  which  is  not  the  case 
for  other  technologies  such  as  IX. 

•  The  media  filter  removes  DOC  that  is  present  in  the  incoming  water  and  that  may  be 
generated  in  the  hydrogen-based  MBfR.  While  the  hydrogen-based  MBfR  adds  some  DOC, 
downstream  processing  with  aerobic  biologically  active  filtration  can  remove  biodegradable 
DOC,  making  the  water  more  biologically  stable. 

Limitations  of  the  technology  include: 

•  Multiple  MBfR  stages  have  not  previously  been  demonstrated  on  a  field  scale  to  document 
consistent  perchlorate  removal  or  to  establish  a  cost  basis.  This  Demonstration  project  was 
specifically  designed  to  address  this  limitation. 

•  The  integration  of  the  hydrogen-based  MBfR  with  aeration  and  media  filtration  has  not 
previously  been  tested  for  its  ability  to  generate  potable  water.  This  Demonstration  project 
was  specifically  designed  to  provide  data  necessary  to  critically  evaluate  performance. 

•  The  ability  to  maintain  stable  control  of  the  biofilm  and  prevent  fouling  in  the  MBfR  has  not 
been  demonstrated  at  the  pilot  scale.  This  Demonstration  project  was  specifically  designed  to 
address  this  limitation. 

•  The  technology  uses  hydrogen,  which  is  flammable.  Engineering  design  of  the  MBfR 
system  must  comply  with  codes  for  design  and  operation  of  systems  using  hydrogen. 

•  The  anoxic  biological  treatment  process  may  increase  chlorine  demand.  Higher  chlorine 
doses  may  be  required  and  result  in  higher  formation  of  DBPs,  chlorine  demand,  THM-FP, 
and  DBPs  including  THMs  and  HAAs  were  measured  in  the  Demonstration  to  assess  this 
potential  concern.  On  the  other  hand,  use  of  hydrogen  as  the  electron  donor  generates  less 
biomass  and  thus  less  chlorine  demand  than  biological  treatment  processes  using 
heterotrophic  bioprocesses. 

•  Biological  perchlorate  treatment  may  require  greater  operator  attention,  as  it  may  be  less 
robust  with  respect  to  process  upsets  compared  to  IX  systems.  The  overall  economics  of 
perchlorate  treatment  will  drive  any  decision  regarding  the  implementation  of  biological 
treatment. 
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•  The  MBfR-based  approach  will  require  regulatory  approvals  for  production  of  potable  water. 
This  Demonstration  project  was  specifically  designed  to  gather  the  information  needed  to 
support  regulatory  approval. 

The  primary  technology  used  today  for  production  of  potable  water  from  perchlorate-impacted 
water  is  IX.  Other  technologies  that  are  at  various  stages  in  development  include  tailored 
activated  carbon  and  various  biological  treatment  technologies.  A  brief  description  of  strengths 
and  weaknesses  of  different  technologies  is  summarized  in  Table  2.2.  The  fluidized  bed 
bioreactor  and  the  packed  bed  bioreactor  have  already  received  conditional  acceptance  from  the 
CDPH  for  treating  perchlorate-impacted  water. 


Table  2.2  Technological  Comparison  for  Perchlorate  Removal 


Technology 

Strengths 

Weakness 

Ion  Exchange 

•  Full  scale  installations  are  in 
operation 

•  Simple  design  and  operation 

•  High  recoveries 

•  Low  cost  and  very  effective 

•  Can  accumulate  uranium  and  become  a 
Technologically  Enhanced  Naturally 
Occurring  Radioactive  Material 

•  Not  a  green  technology  (exhausted  ion 
exchange  resins  are  collected  and  sent 
for  incineration  or  regenerated  with 
brine  as  a  waste  stream) 

Tailored 

Activated 

Carbon 

•  High  capacity 

•  Easy  operation 

•  Tested  at  pilot  and  full  scale 

•  Requires  chemical  or  thennal 
activation 

•  Not  a  sustainable  technology 
(exhausted  activated  carbon  is 
collected  and  sent  for  incineration) 

•  Other  components  can  leach  creating 
secondary  pollution 

•  High  cost  of  production  and 
maintenance 

Biological 

Treatment 

Technologies 

•  Proven  effective  for 
perchlorate  reduction 

•  Full-scale  systems  are  under 
construction  and  nearing 
acceptance 

•  Fluidized  bed  bioreactor  and 
the  packed  bed  bioreactor 
have  received  conditional 
acceptance  from  CDPH 

•  Simple  design  and  operation 

•  Sensitive  to  water  and  environmental 
conditions 

•  Require  startup  time 

•  Fouling  and  clogging  of  various 
systems,  if  not  maintained  properly 
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3.0 


PERFORMANCE  OBJECTIVES 


3.1  SUMMARY 

Performance  objectives  were  established  for  this  Demonstration  to  provide  a  basis  for  evaluating 
MBfR  performance  and  cost  for  the  reduction  in  perchlorate,  nitrate,  and  nitrite  concentrations  in 
groundwater.  The  perfonnance  objectives  apply  to  the  complete  MBfR  and  post  treatment 
process  train,  as  summarized  in  Table  3.1. 


Table  3.1  Performance  0 

•bjectives 

Performance 

Objective 

Data 

Requirements 

Success  Criteria 

Performance 

Objective  Met? 

Quantitative  Performance  Objectives 

Determine 

treatment 

effectiveness 

Pre-  and  post¬ 
treatment 

concentrations 
of  perchlorate, 
nitrate,  and 
nitrite  (NO2") 

Post-treatment 

concentrations: 

CIO4"  <  6.0  pg/L 

N03'<  0.5  mg-N/L 
N02"  <  0.5  mg-N/L 

No  -  lag  reactor  effluent  perchlorate 
was  9.2  pg/L  (average)  during  Steady 
State. 

Yes  -  nitrate  and  nitrite  were  below  0.5 
mg-N/L  for  ah  samples  at  the  lag 
effluent  during  Steady  State. 

Determine 

disinfection 

effectiveness 

Post 

disinfection 
concentrations 
of  fecal 

coliforms,  total 
coliforms, 

HPCs 

Post-disinfection 
concentrations: 
fecal  colifonns 
below  detection 
total  coliforms 
below  detection 
HPCs  <  500  MPN/ 
mL 

Yes  -  fecal  and  total  coliforms  and  E. 
coli  were  below  the  detection  limit  of 

2  MPN/ 100  mL  in  ah  post-disinfection 
samples  during  Steady  State.  HPCs 
were  on  average  43  MPN/mL  during 
Steady  State  and  no  sample  was  greater 
than  500  MPN/mL. 
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Performance 

Objective 

Data 

Requirements 

Success  Criteria 

Performance 

Objective  Met? 

Determine 
ability  to  meet 
drinking 
water 

treatment 
primary  and 
secondary 
MCLs 

Post 

disinfection 
odor,  turbidity, 
organic  carbon, 
and  pH 

TON  <3 

Turbidity  < 

0.2  NTU 

Yes  -  TON  was  2.2  on  average,  but  3  of 
12  samples  were  above  a  TON  of 

3. These  3  samples  were  associated  with 
process  shutdowns  because  of  high 
winds. 

No  -  The  average  turbidity  was  0.27 
NTU  and  turbidity  exceeded  0.2  NTU 

33  percent  of  the  time  based  on  online 
measurements.  Further  optimization 
can  address  this  issue. 

DOC  increase 
<0.2  mg/L 

No  -  DOC  increased  an  average  of 

0.4  mg/L  from  the  system  influent  to 
post-disinfection  during  Steady  State. 
However,  this  metric  for  distribution 
system  stability  is  not  driven  by 
regulation  and  may  be  acceptable. 

6.5  <  pH  <8.5  SU 

Yes  -  pH  was  between  6.5  and  8.5  SU 
in  all  samples  analyzed. 

Reliability 

Operating 

Records 

>  95  percent  uptime 
during  steady  state 
operational  period 

Yes  -  system  up  time  during  steady 
state  was  98  percent. 

Qualitative  Performance  Objectives 

Safety 

Operating 

records 

No  reportable 
health  and  safety 
incidents 

Yes  -  there  were  no  reportable  health 
and  safety  incidents. 

Permit 

Compliance 

Monthly 
pennit  reports 

No  violations 

Yes  -  there  were  no  permit  violations. 

Regulatory 

Acceptance 

Review  by 
CDPH 

Obtain  letter  of 
conditional 
acceptance  from  the 
CDPH 

Yes  -  Conditional  acceptance  for 
treatment  of  nitrate  was  received  on 

July  26,  2013. 

3.2  TREATMENT  EFFECTIVENESS 

The  key  performance  objective  in  this  Demonstration  was  to  reduce  perchlorate  to  below 
California  regulatory  levels  and  to  reduce  nitrate  to  less  than  0.5  mg-N/L.  Pre-  and  post¬ 
treatment  samples  were  collected  from  the  system  influent,  lead  and  lag  MBfR  effluents,  and 
finished  water  effluent  at  regular  intervals  during  the  steady-state  perfonnance  period.  MBfR 
effluent  concentrations  of  perchlorate,  nitrate,  and  nitrite  were  measured  and  compared  with  the 
success  criteria  outlined  in  Table  3.1. 
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Perchlorate  -  US  EPA  determined  that  perchlorate  can  be  regulated  under  the  SDWA.  EPA  then 
began  the  process  of  determining  and  proposing  a  National  Primary  Drinking  Water  Regulation 
(NPDWR)  for  perchlorate  to  establish  a  national  primary  MCL  in  drinking  water.  In  the  absence 
of  formal  federal  regulatory  guidance,  several  states  began  regulating  perchlorate  in  drinking 
water  and  in  October  2007  California  established  an  MCL  of  6  pg/L  (Lehman  and  Subramani 
2011).  Thus,  the  effluent  perchlorate  performance  objective  was  6  pg/L.  Perchlorate  was  reduced 
from  an  average  of  154±5  pg/L  to  an  average  of  9.2±2.3  pg/L  in  the  effluent  of  the  lag  reactor 
during  Steady  State  (94.4  percent  reduction).  Perchlorate  was  consistently  removed  with  little 
variation  (coefficient  of  variation  was  0.75%).  While  the  perfonnance  metric  for  perchlorate  was 
not  met,  perchlorate  was  consistently  reduced  by  more  than  90  percent  during  Steady  State, 
highlighting  the  reliability  of  this  technology.  Research  conducted  by  ASU  indicated  that  sulfate 
reducing  bacteria  likely  provided  too  much  competition  with  perchlorate-reducing  bacteria  for 
hydrogen  and  space  in  the  biofihn,  which  led  to  an  inability  to  achieve  <  6  pg/L  perchlorate. 
ASU  experiments  demonstrated  complete  perchlorate  reduction  in  the  absence  of  sulfate 
reduction  when  dissolved  oxygen  was  intentionally  fed  to  a  lag  reactor  at  a  low  electron  acceptor 
flux  (i.e.,  0.18  g  TL/nr-day  expressed  as  hydrogen  equivalents).  These  results  suggest  that 
process  modifications  may  promote  complete  perchlorate  reduction  in  the  MBfR  (Rittmann  et  al. 
2013). 

Nitrate  and  Nitrite  -  Nitrate  is  a  commonly  observed  contaminant  in  water.  According  to  the 
NPDWR,  the  MCL  for  nitrate  has  been  set  at  10  mg-N/L,  and  for  nitrite  at  1  nrg-N/L.  Nitrate 
destruction  was  quantified  using  the  sum  of  the  nitrate  and  nitrite  concentrations. 

The  performance  objective  for  nitrate  and  nitrite  was  less  than  0.5  mg-N/L.  Total  nitrogen  was 
between  0.069  and  0.24  mg-N/L  during  steady  state.  Total  nitrogen  (the  sum  of  nitrate  and 
nitrite)  was  reduced  from  an  influent  average  of  9.0  mg-N/L  to  an  average  of  0.12±0.07  mg-N/L 
in  the  effluent  of  the  lag  reactor  during  Steady  State  (98.3  percent  reduction).  Nitrate  reduction 
was  consistently  removed  with  little  variation  (coefficient  of  variation  was  0.94%),  with  the 
highest  effluent  total  nitrate  at  0.24  mg-N/L.  The  MBfR  provided  consistent  removals  despite 
some  system  upset  conditions.  Thus,  the  results  met  the  metrics  set  for  the  nitrate  and  nitrite 
perfonnance  criteria. 

3.3  DISINFECTION  EFFECTIVENESS 

Hypochlorite  was  used  after  MBfR  biological  reduction  and  media  filtration  as  a  disinfectant. 
HPCs  were  used  as  a  surrogate  indicator  parameter  for  total  bacteria.  Total  and  fecal  colifonns 
were  used  as  an  indicator  of  contamination  by  human  or  animal  fecal  wastes.  The  perfonnance 
objective  for  disinfection  was  post-disinfection  concentrations  of  total  and  fecal  colifonns  below 
detection  and  HPCs  less  than  or  equal  to  500  colony  fanning  units  per  milliliter  (CFU/mL).  The 
MCL  for  fecal  and  total  colifonns  is  below  the  detection  limit  of  2  MPN/100  mL.  Under 
NPDWR,  HPC  is  regulated  as  a  treatment  technique  (TT),  a  required  process  intended  to  reduce 
the  level  of  a  contaminant  in  drinking  water.  Under  USEPA's  SWTR,  systems  using  surface 
water  or  groundwater  under  the  direct  influence  of  surface  water  must  achieve  a  HPCs  no  greater 
than  500  MPN/mL  (67  FR  181 1). 
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During  Steady  State,  hypochlorite  concentrations  were  dosed  to  maintain  a  target  free  chlorine 
residual  of  0.2  mg/L  to  meet  CT  requirements.  Free  chlorine  residual  at  the  disinfection  basin 
was  monitored  to  check  that,  at  a  minimum,  the  levels  met  CT  requirements  Fecal  and  total 
coliforms  were  below  the  detection  limit  (2/100  mL)  in  all  post-disinfection  samples  during  the 
Steady  State  performance  period.  FIPCs  were  on  average  43  MPN/mL,  and  no  sample  was 
greater  than  500  MPN/mL  during  Steady  State.  Thus,  the  performance  objective  for  disinfection 
effectiveness  was  met. 

3.4  ABILITY  TO  MEET  DRINKING  WATER  TREATMENT  PRIMARY  AND 
SECONDARY  MCLs 

Treated  water  was  required  to  comply  with  primary  and  secondary  MCLs  for  drinking  water. 
The  parameters  of  interest  include  post-disinfection  odor,  turbidity,  and  pH.  DOC  is  also  of 
interest  because  it  can  contribute  to  water  instability  in  the  distribution  system  and  is  a  potential 
source  of  disinfection  byproducts. 

Odor  -  Biological  reduction  processes  in  the  MBfR  can  potentially  lead  to  the  formation  of 
odors.  Under  the  conditions  favorable  to  nitrate  and  perchlorate  reduction,  sulfate  reduction  may 
also  occur,  resulting  in  fonnation  of  sulfide.  USEPA  National  Secondary  Drinking  Water 
Regulations  (NSDWR)  require  a  secondary  standard  of  TON  equal  to  or  less  than  3  to  be 
considered  as  aesthetically  acceptable  finished  water  and  this  was  set  as  the  performance 
objective.  Quantitative  measurements  of  odors  were  perfonned  in  the  finished  water.  An  average 
TON  of  2.2  was  observed  during  Steady  State;  however,  there  were  three  exceedances  of  12 
samples  collected.  These  exceedances  were  associated  with  process  shutdowns  that  occurred 
because  of  high  winds.  The  process  shutdowns  resulted  in  a  non-flowing  system  which  resulted 
in  over-reducing  conditions  and  resultant  sulfate  reduction.  The  metric  for  this  perfonnance 
objective  was  met  based  on  the  average  TON. 

Turbidity  -  Fine  particles  resulting  from  biological  treatment  can  cause  an  increased  turbidity  in 
the  effluent,  which  can  make  water  aesthetically  unacceptable.  While  turbidity  per  se  is  not  a 
major  health  concern,  it  can  be  associated  with  presence  of  pathogens  and  can  affect  disinfection 
efficiency.  Media  filtration  in  combination  with  a  coagulant  filter  aid  was  employed  to  meet 
turbidity  requirements.  Turbidity  was  monitored  throughout  the  treatment  system,  but  for  this 
performance  objective,  the  success  criteria  were  compared  to  the  media  filter  effluent  turbidity. 
The  performance  objective  for  turbidity  in  the  finished  water  was  less  than  or  equal  to  0.2  NTU. 
An  average  turbidity  of  0.27  NTU  was  observed  from  online  measurements  during  normal  steady 
state  operation.  The  average  turbidity  value  was  higher  than  the  perfonnance  criteria  and  thus 
this  perfonnance  objective  was  not  met.  Further  optimization  of  the  media  filtration  process 
would  result  in  meeting  the  objective. 

Dissolved  Organic  Carbon  -  Residual  biodegradable  organic  compounds  in  treated  water  can 
decrease  water  biostability  and  promote  regrowth  of  organisms  in  distribution  systems.  DOC  was 
selected  as  a  surrogate  indicator  for  biological  stability.  The  performance  objective  for  DOC 
required  the  increase  in  the  system  to  be  less  than  or  equal  to  0.2  mg/L.  DOC  samples  were 
collected  throughout  the  treatment  system.  For  this  performance  objective,  the  increase  in  DOC 
was  measured  from  the  system  influent  to  the  finished  water.  An  average  DOC  increase  of 
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0.4  mg/L  from  the  system  influent  to  post-disinfection  was  observed  during  Steady  State.  The  net 
increase  in  DOC  exceeded  the  perfonnance  objective  indicating  that  treated  water  was  less 
biologically  stable.  Hence  the  performance  objective  for  biological  stability  was  not  met  during 
Steady  State.  On  the  other  hand,  biological  stability  is  specific  to  a  particular  distribution  system 
and  the  observed  increase  in  DOC  may  be  acceptable.  Disinfection  byproducts  and  byproduct 
potentials  were  below  MCLs.  Haloacetic  acids  (HAA5)  were  below  detection  (<  6  pg/L)  and 
total  trihalomethanes  TTHMs)  averaged  4.8  pg/L  compared  to  the  MCL  of  80  pg/L. 
Nitrosamines  were  measured  and  not  detected. 

pH  -  pH  control  and  monitoring  was  essential  as  most  of  the  chemical  and  biological  reactions  in 
aquatic  environment  occur  within  an  optimal  range.  In  particular,  pH  control  was  important  for 
this  system  since  denitrification  and  other  reduction  processes  can  result  in  increased  alkalinity 
and  increased  pH.  Desirable  pH  typically  lies  in  the  range  of  6.5  to  8.5  SU,  which  is  a  secondary 
MCL  under  the  NSDWR.  A  variation  in  treated  water  pH  from  this  range  may  pose  health, 
infrastructure  (e.g.  corrosion),  and  public  acceptability  issues.  Under  NSDWR,  USEPA 
recommends  these  secondary  standards  to  water  systems  but  does  not  require  systems  to  comply. 
During  the  MBfR  Demonstration,  the  pH  of  the  finished  water  remained  within  the  perfonnance 
standards  of  6.5  to  8.5  SU.  An  average  value  of  7.8±0.2  SU  was  observed  during  the  Steady 
State  period.  The  metric  for  this  perfonnance  objective  was  met. 

3.5  RELIABILITY 

Reliability  of  the  treatment  processes  plays  an  important  role  in  planning  and  designing  of  any 
water  treatment  facility.  The  goal  during  this  Demonstration  was  to  guarantee  high  quality 
treated  water,  particularly  from  a  public  health  standpoint.  Robust  system  performance  indicates 
the  ability  of  a  specific  process  to  meet  all  the  water  quality  standards,  regardless  of  anticipated 
fluctuations  in  raw  water  quality  or  operating  conditions. 

For  this  perfonnance  objective,  the  reliability  of  the  MBfR  system  was  measured  as  the  up  time 
during  the  one-month  long  Steady  State  phase.  The  perfonnance  objective  was  set  to  have  at 
least  >  95  percent  uptime  during  the  steady  state  operational  period.  Overall  system  up  time  of 
98  percent  was  observed,  which  confinned  the  reliability  of  the  MBfR  technology.  The 
performance  objective  on  system  reliability  was  met. 

3.6  SAFETY 

Safety  concerns  linked  to  water  and  wastewater  treatment  operations  often  originate  from  the  use 
of  hazardous  chemicals  and  gases;  thus,  metrics  of  safety  performance  were  included  among  the 
qualitative  performance  objectives  to  be  met  during  the  MBfR  Demonstration.  In  particular,  the 
use  of  pressurized  gases  such  as  hydrogen  (flammable),  nitrogen,  and  CCL,  increase  the  level  of 
risk  and  hazard,  requiring  additional  safety  measures  to  be  implemented.  Flammability 
associated  with  the  use  of  hydrogen  gas  was  of  main  concern  and  required  specific  engineering 
design  measures  including  explosivity  sensors  and  automatic  shutdown  provisions  for  safe  gas 
use.  Other  measures  including  placarding  in  the  area  to  prevent  sources  of  ignition  and 
appropriate  health  and  safety  training  were  also  required. 
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Metrics  for  meeting  the  safety  performance  objective  included  no  reportable  health  and  safety 
incidents  during  the  Demonstration  site.  Health  and  safety  incident  reports  and  regular 
monitoring  of  gases  at  the  Demonstration  site  were  used  to  evaluate  this  perfonnance  objective. 
There  were  no  health  and  safety  incidents  reported  during  the  Demonstration.  Flammable  gas 
concentrations  were  not  detectable  during  various  times  at  the  field  site.  During  the  few  instances 
when  a  hydrogen  leak  was  detected,  the  system  was  automatically  shut  down.  The  metric  for  this 
perfonnance  objective  was  met. 

3.7  PERMIT  COMPLIANCE 

Contaminated  groundwater  was  used  for  the  MBfR  technology  Demonstration.  The  water  was 
treated  through  the  MBfR  process  followed  by  post  disinfection,  and  a  final  polishing  step  using 
GAC  and  IX  filters  before  being  injected  back  into  the  aquifer.  The  California  Regional  Water 
Quality  Control  Board  (RWQCB)  requires  a  permit  for  any  such  re-injection  of  treated  water. 
California  RWQCB  issued  permit  number  R8-2002-0033-038  for  the  re-injection  of  treated 
water  into  groundwater  during  this  Demonstration.  Monitoring  of  influent  and  effluent 
parameters  was  conducted  during  this  study  and  monthly  pennit  compliance  reports  were 
submitted  per  the  pennit  requirements.  No  violations  of  the  pennit  occurred  during  this  MBfR 
Demonstration.  Thus,  the  metric  for  this  performance  objective  was  met. 

3.8  REGULATORY  ACCEPTANCE 

This  perfonnance  objective  was  to  obtain  a  letter  of  conditional  acceptance  from  the  CDPH.  A 
letter  indicating  conditional  acceptance  for  the  MBfR  for  treatment  of  nitrate  was  received  from 
the  CDPH  on  July  26,  2013  (Appendix  I).  This  is  the  process  by  which  the  State  of  California 
evaluates  unconventional  alternative  treatment  technologies  for  compliance  with  drinking  water 
treatment  regulations  under  Title  17  and  22  of  the  California  Code  of  Regulations.  APTwater  has 
constructed  a  full-scale  system  for  potable  water  treatment  of  nitrate  using  the  MBfR  technology 
at  Cucamonga  Valley  Water  District  in  California.  This  system  is  in  the  process  of  being 
permitted  by  CDPH  for  full-scale  operation. 
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4.0 


SITE  DESCRIPTION 


4.1  SITE  LOCATION  AND  HISTORY 

The  first  stage  of  this  project  involved  a  pilot-scale  Demonstration  of  the  MBfR  at  EVWD  in  San 
Bernadino,  California,  using  water  from  EVWD  Well  28A.  Results  from  this  pilot-scale 
Demonstration  were  discussed  in  Section  2.2.  This  second  stage  of  this  project  was  conducted  at 
WVWD’s  Well  22  in  Rialto,  California  (Figure  4.1).  The  EVWD  Well28A  location  is  also 
shown  on  Figure  4.1  for  reference.  WVWD  Well  22  was  a  former  agricultural  well  that  was  not 
being  used  as  a  water  source  prior  to  the  Demonstration.  The  site  is  bounded  by  Vineyard 
Avenue  to  the  north,  Linden  Avenue  to  the  east,  and  West  Norwood  Street  to  the  south.  The 
areas  surrounding  the  well  are  mixed  residential,  agricultural,  and  industrial.  The  City  of  Rialto 
Municipal  Airport  is  located  less  than  one  mile  south  of  the  well.  Contamination  of  perchlorate 
and  volatile  organic  compounds  (VOCs)  is  believed  to  have  originated  from  weapons/explosives 
manufacturing  and  storage  at  the  Rialto  Ammunition  Storage  Point  (RASP)  northwest  of  the  well 
site.  The  RASP  was  operated  by  the  U.S.  Army  from  1942  to  1945.  The  site  was  owned  and 
occupied  by  West  Coast  Loading  Corporation  (WCLC)  until  1957.  WCLC  performed  the 
loading,  assembly  and  testing  of  munitions  with  perchlorate  for  the  US  Army  and  Navy.  B.F. 
Goodrich  owned  and  operated  the  site  for  propellant  manufacturing  and  testing  until  1963.  The 
site  was  sold  by  B.F.  Goodrich  in  the  1960s  and  was  subsequently  used  by  various  defense 
contractors,  fireworks,  and  pyrotechnics  companies.  The  nearby  Mid-Valley  Sanitary  Landfill  is 
another  known  source  of  VOCs  (GeoSyntec  2005). 
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4.2  SITE  GEOLOGY/HYDROGEOLOGY 


WVWD  Well  22  is  located  within  the  Rialto-Colton  groundwater  basin.  Numerous  subterranean 
barriers  and  faults  direct  groundwater  flow  within  the  basin.  The  basin  is  largely  comprised  of 
unconsolidated  alluvial  sediments.  The  aquifer  system  beneath  the  site  consists  of  coarse  to 
medium  sand  and  gravel  to  200  feet  below  ground  surface  (ft  bgs)  underlain  by  sand  to  500  ft 
bgs.  The  upper  water-bearing  unit  begins  at  the  surface  and  extends  to  130  ft  bgs.  The  middle 
water-bearing  unit  lies  directly  underneath  the  upper  unit  and  extends  to  greater  than  1,000  ft 
bgs.  The  water  bearing  units  within  the  basin  are  unconfined  and  are  hydraulically  connected  to 
each  other.  Consolidated  deposits  and  a  basement  complex  composed  of  metamorphic  and 
igneous  rocks  underlie  the  water-bearing  units.  Recharge  to  the  Rialto-Colton  groundwater 
system  comes  from  a  number  of  sources.  Manual  recharge  with  imported  water,  underflow 
across  faults,  inflow  from  rivers  and  drainages,  and  infiltration  (rainfall  and  irrigation  water) 
provide  the  majority  of  recharge  to  the  system  (Wooldenden  and  Kadhim  2005). 

4.3  CONTAMINANT  DISTRIBUTION 


The  primary  contaminants  of  concern  in  groundwater  in  the  Rialto-Colton  basin  are  perchlorate, 
nitrate,  and  trichloroethene  (Figure  4.2).  The  plume  extends  from  the  RASP  source  area  in  the 
northwest  toward  the  southeast  and  is  more  than  3  miles  long  and  half  a  mile  wide.  Historically, 
perchlorate  and  TCE  concentrations  have  been  measured  in  the  source  area  as  high  as  10,000  and 
420  pg/L,  respectively  (GeoSyntec  2007).  In  2011,  perchlorate  and  TCE  concentrations  in  the 
plume  were  observed  as  high  as  1,100  and  42  pg/L,  respectively  (USEPA  2011).  Historical  water 
quality  data  at  Well  22  that  was  available  prior  to  the  Demonstration  are  shown  in  Table  4.1. 
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Figure  4.2  Approximate  Extent  of  Perchlorate  Contamination 
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Table  4.1  Historical  Water  Quality  at  Well  22 


Analyte 

Units 

Dates 

Minimum 

Average 

Maximum 

Alkalinity 

rng/L  as  CaCC>3 

8/21/2003 

NA 

150 

NA 

Chloride 

mg/L 

8/21/2003 

NA 

7.3 

NA 

Hardness 

rng/L  as  CaCC>3 

8/21/2003 

NA 

170 

NA 

Nitrate 

rng-N/L 

3/21  and  9/10/2008 

9.9 

10 

10 

Perchlorate 

P-g/L 

3/21/2008  to 
1/27/2009 

79 

90 

100 

pH 

SU 

8/21/2003 

NA 

7.3 -7.7 

NA 

Sulfate 

mg/L 

8/21/2003 

NA 

21 

NA 

TCE 

Pg/L 

3/21/2008  to 
1/27/2009 

23 

25 

30 

Total  dissolved  solids 

mg/L 

8/21/2003 

NA 

230 

NA 

Note: 

NA  -  Not  applicable 
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5.0  TEST  DESIGN 


This  section  provides  a  detailed  description  of  the  MBfR  system  design,  operation,  and  testing 
conducted  for  the  Demonstration. 

5.1  CONCEPTUAL  EXPERIMENTAL  DESIGN 

This  nine-month  Demonstration  was  initiated  in  April  2011  using  perchlorate-  and  nitrate- 
contaminated  groundwater  from  WVWD  Well  22  in  Rialto,  California.  The  treatment  system 
included  two  anoxic  MBfRs  operated  in  series  to  reduce  oxygen  to  water,  nitrate  to  nitrogen  gas, 
and  perchlorate  to  the  chloride  ion.  The  first  MBfR  vessel  had  seven  membrane  modules  that 
were  primarily  used  for  reduction  of  oxygen  and  nitrate.  The  second  MBfR  vessel  contained 
seven  membrane  modules  and  primarily  reduced  the  remaining  nitrate  and  perchlorate. 
Phosphorous  was  supplemented  as  a  nutrient  and  carbon  dioxide  was  amended  for  pH 
neutralization  and  control  of  hardness  precipitation  and  as  a  carbon  source  for  microbial  cell 
synthesis.  Post-MBfR  treatment  processes  included  aeration  to  re-oxygenate  the  water,  media 
filtration  supplemented  with  a  coagulant/filter  aid  to  remove  suspended  solids,  and  disinfection 
using  sodium  hypochlorite.  Additional  post-treatment  to  meet  RWQCB  permit  requirements 
involved  GAC  for  VOCs  and  IX  for  perchlorate.  The  experimental  design  had  four  phases 
(Figure  5.1). 


r  i 

Start-Up 

•  Constructed  system  and  initiated  operations 

•  Colonized  reactors  with  indigenous  bacteria 

•  MBfR  effluent  goal  of  6  pg/L  perchlorate  and 

0.5  mg-N/L  nitrate 

•  Tracer  Testing 

Optimization 

•  Varied  feed  flow  rates 

•  Varied  recycle  ratios 

•  Batch  Testing 

Steady  State 

•  Operated  at  optimal  conditions  for  one  month 

•  Full  characterization  of  system  perfonnance 

Challenge 

L _ J 

•  Perturb  MBfR  system  through  series  of  upsets: 

•  Loss  of  electron  donor  -  shut  off  hydrogen 

•  Power  failure  -  shut  off  system 

Figure  5.1  Experimental  Design 


Start-Up  was  initiated  after  construction  of  the  system  was  complete  and  the  system  was  placed 
on-line.  During  Start-Up,  indigenous  bacteria  colonized  the  membranes  to  form  an  active 
biofilm.  The  goals  for  completion  of  Start-Up  included  nitrate  concentrations  below  0.5  mg-N/L 
and  perchlorate  below  6  ng/L.  The  second  phase  was  Optimization  during  which  operational 
conditions  were  varied  to  assess  system  performance.  The  goal  was  to  determine  which  operating 
conditions  produced  peak  perfonnance  in  terms  of  perchlorate  and  nitrate  removal.  The  third 
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phase  was  a  period  of  Steady  State  to  assess  process  stability  and  sensitivity  to  changes  in 
influent  water  quality  conditions.  System  stability  is  a  critical  condition  for  potable  water 
production.  The  final  stage  of  the  Demonstration  was  the  Challenge  phase.  This  included 
intentional  process  upsets  to  assess  resiliency  and  reliability  of  the  technology.  Four  system  upset 
tests  were  conducted:  a  4-hour  and  24-hour  shut-off  of  hydrogen,  as  well  as  a  4-hour  and  24-hour 
full  system  shut  down.  Testing  of  the  system  was  conducted  during  the  rebound  period  after  each 
upset  condition. 

5.2  BASELINE  CHARACTERIZATION 

Baseline  characterization  consisted  of  obtaining  historical  monitoring  data  for  groundwater 
chemistry  from  WVWD.  Historical  monitoring  data  were  obtained  from  2003  to  2009.  The 
average  concentration  of  perchlorate  was  90  ug/L  and  nitrate  was  44.5  mg-N/L.  See  Section  4.3 
for  a  description  of  the  contaminant  distribution.  Groundwater  quality  was  slightly  different 
during  the  Demonstration  than  historical  monitoring  results  (Table  5.1)  because  the  original 
groundwater  flow  from  Well  22  was  lower  than  what  was  planned  during  the  Demonstration,  at 
approximately  1  gpm.  In  April  2011,  the  pump  at  WVWD  Well  22  was  replaced  with  a  Grundfos 
25S50-26  submersible  pump,  and  the  intake  was  moved  from  474  ft  bgs  to  483  ft  bgs  to  increase 
water  production  to  30  gpm. 

Table  5.1  Summary  Statistics  for  Influent  Water  Quality  at  Well  22  throughout  the 


Demonstration  from  April  2011  to  J 

lanuary  2012 

Analyte 

Units 

Average 

Standard  Deviation 

Count 

Alkalinity 

mg/L  as  CaCC>3 

150 

11.3 

28 

Hardness 

mg/L  as  CaCC>3 

200 

7.5 

27 

Nitrate 

mg-N/L 

8.82 

0.38 

32 

Perchlorate 

pg/L 

170 

17 

70 

pH 

SU 

7.5 

0.11 

71 

Sulfate 

mg/L 

21 

0.85 

27 

TCE 

mg/L 

54 

7.0 

28 

TDS 

mg/L 

260 

15 

28 

5.3  TREATABILITY  OR  LABORATORY  STUDY  RESULTS 

Numerous  bench-  and  pilot-scale  studies  have  been  conducted  demonstrating  the  feasibility  of 
hydrogen  MBfR  for  treatment  of  perchlorate  and  nitrate  (see  Section  2.2  for  a  detailed 
description  of  technology  development).  Additional  laboratory  work  was  conducted  in 
conjunction  with  the  field  effort  by  ASU  and  is  reported  separately  (Rittmann  et  al.  2013).  The 
ASU  Team  carried  out  multiple  experiments  to  decipher  why  the  two-stage  MBfR  system  did  not 
achieve  the  6pg/L  effluent  perchlorate  goal.  The  team  carried  out  extensive  analyses  of  hydrogen, 
oxygen,  nitrate,  perchlorate,  and  sulfate  fluxes  during  the  pilot  study  and  correlated  them  to  a 
range  of  analyses  conducted  on  the  MBfR  side-reactors  from  the  pilot.  These  side-reactors 
contained  hollow-fiber  membranes  and  were  fed  water  from  a  side-stream  of  the  pilot-scale 
system.  These  were  sampled  and  sent  to  ASU  for  analysis.  ASU  also  carried  out  bench-scale 
MBfR  experiments  and  developed  mechanistic  mathematical  models  to  identify  and  quantify  the 
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kinetic  and  ecological  mechanisms  underpinning  the  perfonnance  of  the  pilot  and  bench-scale 
MBfRs. 


A  large  amount  of  biomass  accumulated  between  the  spacers  in  the  pilot  side  reactor  laboratory 
modules.  Biofilm  thickness  in  the  MBfR  side-reactor  lab  modules  was  typically  approximately 
200  pm.  The  biofilm  was  only  approximately  10  percent  inorganic,  which  indicated  that 
hardness  precipitation  was  effectively  mitigated  by  pH-control.  While  the  biofilm  contained 
between  40  and  50  percent  extracellular  polymeric  substances  (EPS),  the  cells  were 
predominantly  living,  particularly  near  the  membrane  substratum.  The  biofilm  communities  were 
similar  between  lead  and  lag  MBfR,  where  the  community  of  perchlorate-reducing  bacteria 
(PRB)  made  up  the  smallest  fraction  of  the  active  bacteria  [determined  by  quantitative 
polymerase  chain  reaction  (qPCR)].  From  bench-scale  MBfRs  at  ASU,  Dechloromonas  was  an 
important  denitrifying  bacteria  (DB)  and  PRB  when  perchlorate  reduction  was  successful. 
However,  Dechloromonas  were  not  always  the  main  PRB.  However,  sulfate-reducing  bacteria 
(SRB)  always  were  present,  and  SRB  became  more  numerous  when  the  electron  acceptor  surface 
loading  was  significantly  decreased  in  an  attempt  to  drive  perchlorate  to  non-detectable  levels. 
As  SRB  became  more  numerous,  their  greater  demand  for  hydrogen  a  competition  for  space  in 
the  biofilm  led  to  an  inability  to  achieve  the  perchlorate  treatment  objective  of  6  pg/L. 

The  ASU  studies  concluded  that  the  fluxes  of  oxygen,  nitrate,  and  sulfate  need  to  be  managed  in 
order  attain  the  6-pg/L  perchlorate  treatment  objective  and  simultaneously  prevent  sulfide 
generation.  Electron  acceptor  fluxes  were  nonnalized  by  hydrogen  consumption  flux  (g  Hi! m  - 
day)  for  comparison.  A  moderate  flux  of  nitrate  and  oxygen  helped  promote  PRB  growth  and 
perchlorate-reduction  while  preventing  sulfate  reduction.  Modeling  indicated  that  a  flux  of 
combined  nitrate  and  oxygen  of  0.036  to  0.21  g  H2/m2-day  promoted  perchlorate  reduction, 
while  a  flux  of  greater  than  0.36  g  H2/m2-day  caused  serious  inhibition  of  perchlorate  reduction. 
Modeling  demonstrated  that  a  flux  of  0.2  to  0.4  g  H2/m2-day  prevented  sulfate-reduction,  with  a 
recommended  target  flux  of  ~  0.3  g  H2/m2-day.  Bench-scale  testing  with  a  synthetic  medium 
demonstrated  that  complete  perchlorate  reduction  was  possible  at  a  combined  nitrate  and  oxygen 
flux  of  up  to  0.25  g  H2/m2-day.  In  a  bench-scale  two-stage  MBfR  fed  Rialto  groundwater,  a 
nitrate  and  oxygen  flux  of  0.18  g  fh/nU-day  stopped  sulfate  reduction,  despite  the  fact  that  SRB 
were  present.  Bench-scale  results  suggested  that  sulfate  reduction  did  not  necessarily  slow 
perchlorate  reduction,  although  the  pilot  results  gave  the  best  perchlorate  reduction  when  sulfate 
flux  was  lowest  (combined  nitrate  and  oxygen  flux  of  greater  than  0.17  g  H2/m2-day).  When 
using  groundwater  collected  from  the  site,  a  nitrate  and  oxygen  flux  of  less  than  or  equal  to  0.18 
g  H2/m2-day  allowed  full  perchlorate  reduction,  while  partial  degradation  (-30%)  occurred  at 
greater  than  >  0.2 1  g  H2/m“-day. 

Similar  trends  were  observed  in  the  pilot  MBfRs.  When  hydrogen  was  limiting,  a  NO3"  flux  of 
0.3  g  H2/m2-day  suppressed  SO42' reduction  in  the  pilot  lag  MBfR.  When  hydrogen  delivery  was 
not  limiting,  a  NO3’  flux  of  0.17  g  H2/nT-day  slowed  SO4"’  reduction.  Modeling  runs  using 
conditions  in  the  pilot-scale  reactors  suggested  that  external  mass-transport  resistance  was 
greater  in  the  pilot-scale  than  bench-scale  MBfRs.  Modeling  also  showed  that  the  pilot-scale 
reactors  may  have  selected  for  different  and  less-efficient  PRB.  A  significant  difference  between 
the  ASU  laboratory  studies  and  the  pilot-scale  studies  was  that  DO  was  introduced  into  the  ASU 
lag  reactor.  This  occurred  because  water  from  the  lead  reactor  was  collected  and  then  fed  to  the 
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lag  reactor.  The  water  became  oxygenated  by  this  process.  This  difference  led  to  inhibition  of 
sulfate  reduction  and  attainment  of  complete  perchlorate  reduction  in  the  ASU  lag  reactor.  DO 
did  not  enter  the  pilot-scale  lag  reactor,  thus  sulfate  reduction  was  not  inhibited  and  complete 
perchlorate  reduction  was  observed  only  when  sulfate  reduction  occurred. 

In  summary,  the  modeling  and  bench-scale  tests  conducted  by  ASU  showed  no  intrinsic 
roadblock  for  achieving  a  very  low  perchlorate  concentration  in  the  absence  of  sulfide  generation. 
Attainment  of  this  goal  would  require  managing  nitrate  and  oxygen  loading  to  promote  PRB 
growth  and  suppress  sulfate  reduction.  A  two-stage  treatment  train  may  not  be  the  best 
configuration  for  this  goal.  If  a  two-stage  system  is  used,  particular  attention  has  to  be  paid  to 
nitrate  and  oxygen  loading  to  the  lag  MBfR.  While  the  results  did  not  have  an  exact  target  value, 
they  suggested  that  the  lag  MBfR  should  have  a  total  hydrogen  demand  flux  for  nitrate  and 
oxygen  of  around  0.18  g  lU/nr-day  to  achieve  desired  perchlorate  reduction  without  significant 
sulfate  reduction. 

5.4  DESIGN  AND  LAYOUT  OF  TECHNOLOGY  COMPONENTS 

This  section  describes  the  design  attributes  of  equipment  used  for  this  Demonstration.  The  major 
MBfR  treatment  processes  included: 

•  MBfR  vessels  operated  in  a  lead/lag  configuration  -  two  5  75 -gallon  polyethylene  tanks 
with  seven  membrane  modules  per  vessel 

•  Aeration  tank  -  350-gallon  polyethylene  tank  with  Danner  Manufacturing  AP-100  air 
compressor  pump  and  a  ClearWater™  7-inch  round,  1.5 -inch  thick  aeration  stone 

•  Media  filters  operated  independently  -  two  21 -inch  diameter,  62-inch  tall  media  filtration 
units  filled  with  Next-Sand™  media 

•  Product  (finished  water)  tank  -  1000-gallon  polyethylene  tank 

•  GAC  filtration  vessels  operated  in  a  lead/lag  configuration  -  two  36-cubic  foot  (CF)  steel 
vessels,  36  inches  diameter  and  77-inches  tall  filled  with  Calgon  F300  8x30  mesh  GAC 

•  IX  resin  vessels  operated  in  a  lead/lag  configuration  -  two  36-CF  steel  vessels,  42  inches 
diameter  and  48-inches  tall  filled  with  CalRes  2109  IX  resin 

The  treatment  system  facing  east  is  shown  in  Figure  5.2.  The  system  was  placed  within  a 
secondary  containment  structure  with  Conex  shipping  container  on  the  north  and  south  sides  of 
the  skid  for  protection  from  seasonal  high  winds  (i.e.,  the  Santa  Ana  winds).  A  cover  was  also 
placed  above  the  skid  to  protect  equipment  from  direct  sun  exposure  and  rain.  The  California 
Building  Code  requirements  for  wind  loading  were  followed  for  calculating  structure 
requirements.  The  MBfR  and  post-  treatment  system  are  shown  in  Figure  5.3.  The  GAC  and  IX 
resin  vessels  were  added  to  meet  pennitting  requirements  for  discharge  to  groundwater.  They 
were  placed  within  the  southern  Conex  container.  A  process  flow  diagram  showing  actual  units 
used  in  the  Demonstration  are  shown  in  Figure  5.3,  and  the  piping  and  instrumentation  diagram 
(P&ID)  is  shown  in  Figure  5.4.  Figure  5.5  shows  the  P&ID  for  the  individual  membrane  modules 
(7)  in  each  vessel. 
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Figure  5.2  MBfR  Treatment  System 
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Figure  5.3  MBfR  Treatment  System  Arrangement 
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Figure  5.4  MBfR  Treatment  System  Process  Flow 


30 


r 


AERATION 

TANK 

<77777^ 

•><}••  1 

rr  J? 


(-)  JL. 


AS  BUILT 


8  ;  AS  SUIT 

03/79/-: 

IT 

A  INITIAL  RELEASE 

04/06/ 1 • 

LT 

■*r»  crsc*ir*K>s 

>TE 

74AME 

HEV5IUS  HISTORT 

APTwater, 

-LW.T 

CDU 

a»CjECT  I  LXiTON 

70300  9IALT0,  CA 

»«  LT 

1 l/IC/i} 

P&ID. 

MINI  MBfR 

»<M  I  Of /(JO 

1 1/14/1} 

>€>e: 

U*-17^Z 

SCt  1  D5*M-C  «  1  '€■ 

D  1  70C0950P001  1  B 

f!  A»ew8L< 


6  |  5  *  4  |  i  |  2 

Figure  5.5  MBfR  Pilot  Treatment  Plant  Piping  and  Instrumentation  Diagram 
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Figure  5.6  MBfR  Vessel  System  Piping  and  Instrumentation  Diagram 
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5.4.1  Process  Equipment 

Influent  Well 

Well  22  had  a  Grundfos  25S50-26  variable  frequency  drive  submersible  pump  capable  of  30 
gpm  at  460  feet  of  head.  The  pump  intake  was  set  at  483  ft  bgs  and  the  well  was  screened  from 
430  to  492  ft  bgs.  Operation  of  the  well  was  controlled  by  low-  and  high-level  switch  floats  in 
the  influent  feed  tank  that  were  tied  to  the  well  control  panel.  The  influent  well  pump  was  also 
tied  to  secondary  containment  switches  so  that  the  pump  would  not  operate  if  a  secondary 
containment  level  switch  was  engaged.  Influent  well  water  was  routed  to  a  2,500-gallon 
polyethylene  feed  tank  through  a  1.5-inch  influent  line.  A  Goulds  1ST  1.5 -horsepower  pump  (P- 
001)  was  used  to  pump  water  from  the  raw  water  feed  tank  to  the  MBfR  system  through  a  2-inch 
discharge  line.  The  tank  diameter  was  95  inches  and  the  height  was  89  inches.  The  tank  was 
black  to  prevent  algal  growth. 

Gas  Supply  Pad 

The  MBfR  system  required  supplementation  of  hydrogen  as  the  electron  donor,  carbon  dioxide 
for  pH  control,  and  nitrogen  as  an  anoxic  inert  gas.  The  theoretical  hydrogen  feed  requirement 
was  based  on  the  oxygen,  nitrate,  and  perchlorate  demand.  The  oxygen  demand  is  associated 
with  aerobic  respiration.  Oxygen  is  a  more  energetically  favorable  electron  acceptor  so  reduction 
of  oxygen  occurs  preferentially  followed  by  nitrate,  nitrite,  and  perchlorate  (Nerenberg  et  al. 
2008;  Lee  and  Rittmann  2002).  The  stoichiometric  ratios  for  hydrogen  to  oxygen,  nitrate,  and 
perchlorate  are  shown  in  Section  2.1.  The  membrane  hydrogen  pressure  was  adjusted  based  on 
stoichiometric  dosing  requirements.  The  actual  hydrogen  throughput  was  pressure  regulated  “on 
demand”  by  bacterial  utilization  of  hydrogen  on  the  exterior  surface  of  the  membrane.  The  rate 
of  flow  across  the  membrane  was  dependent  on  the  interior  pressure  on  the  lumen  and  the 
concentration  gradient  between  the  lumen  and  the  exterior  surface.  Pure  hydrogen  was  present  in 
the  lumen  and  as  bacteria  on  the  membrane  exterior  consumed  hydrogen,  a  gradient  was 
established  which  increased  the  flow  rate  of  hydrogen  across  the  membrane.  The  faster  bacteria 
consumed  hydrogen,  the  faster  hydrogen  would  penneate  through  the  membrane.  Additionally, 
as  the  pressure  on  the  interior  of  the  lumen  increased  the  driving  force  for  hydrogen  across  the 
membrane  correspondingly  increased. 

Carbon  dioxide  was  supplemented  for  pH  control  to  the  membrane  lumen  and  to  the  vessel  bulk 
water.  The  reduction  reactions  produce  alkalinity,  which  increases  the  pH.  Carbon  dioxide  was 
dosed  to  control  pH  at  7.2  SU  using  online  probes.  The  pH  was  selected  to  maintain  a  pH  that 
was  conducive  to  biological  growth  and  to  maintain  a  negative  Langelier  Saturation  Index  (LSI) 
to  prevent  fonnation  of  carbonate  in  the  biofilm.  The  LSI  is  detennined  based  on  specific  water 
quality  parameters  and  is  used  as  an  indicator  of  the  fonnation  of  calcium  carbonate  and 
magnesium  carbonate  scale.  The  pH  was  monitored  using  online  probes  in  each  MBfR  vessel 
and  controlled  by  the  operator  interface  terminal  (OIT)  and  programmable  logic  controller 
(PLC).  Nitrogen  gas  was  supplied  for  control  of  biomass  growth  on  the  membranes  through 
sparge  events.  Nitrogen  gas  was  used  rather  than  compressed  air  to  maintain  anoxic  conditions 
within  the  reactor. 

Hydrogen  was  supplied  by  a  Proton  Energy  Systems  HOGEN®  S  series,  model  40  generator. 
The  generator  used  a  proton  exchange  membrane  that  produced  hydrogen  at  a  rate  up  to  40 
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standard  cubic  feet  per  hour  (SCFH)  at  70  degrees  Fahrenheit  and  one  atmosphere  of  pressure. 
The  unit’s  hydrogen  purity  specification  was  99.9995%.  ASTM  Type  II  deionized  water  was 
supplied  for  the  generator  by  an  Aqua  Solutions®  model  H-40-C.  One  6-pack  of  K  hydrogen 
cylinders  was  used  for  back-up.  Liquefied  carbon  dioxide  was  supplied  in  a  50-pound  VGL 
dewar.  One  50-pound  G  carbon  dioxide  cylinder  was  used  for  back  up.  Liquefied  nitrogen  was 
supplied  in  a  560-pound  VGL  dewar.  Specifications  for  each  gas  supply  vessel  are  described  in 
detail  in  Table  5.2. 


Table  5.2  Gas  Supply  Equipment 


Description 

Specification 

Liquid  nitrogen 

VGL  Dewar,  560  pounds  with  24,350  CF  gas  capacity 

Liquid  carbon  dioxide 

VGL  Dewar,  50  pounds  with  3,347  CF  gas  capacity 

Hydrogen  generator 

Proton  Energy  Systems  HOGEN®  S40  generator 

Compressed  carbon  dioxide 

One  backup  G  cylinder,  50  pounds  with  412  CF  of  gas  capacity 

Compressed  hydrogen 

One  backup  6-pack  of  K  cylinders,  120  pounds  with  1,3 14  CF 
of  gas  capacity 

MBfR  Vessel  Skid 

The  MBfR  technology  was  APTwater’s  NSF  61  certified  AroNite™  biochemical  reduction 
system  for  autotrophic  reduction  of  nitrate  and  perchlorate.  There  were  two  MBfR  vessels  (T- 
100  and  T-200)  operated  in  a  lead/lag  configuration.  Each  vessel  was  a  575-gallon  open-top,  flat 
bottom,  42-inch  diameter  and  96-inch  tall  polyethylene  tank.  Each  vessel  contained  seven 
membrane  modules,  for  a  total  of  14  modules.  Each  module  consisted  of  thousands  of  parallel 
hollow-fiber  polypropylene  membranes  that  were  woven  together  using  solid  polyester  fibers  to 
fonn  sheets.  The  sheets  were  wrapped  around  a  perforated  acrylonitrile  butadiene  styrene  (ABS) 
core  to  fonn  hundreds  of  sheet  layers.  Water  flowed  from  the  center  of  the  perforated  ABS  core 
radially  outward  and  perpendicular  to  the  hollow-fiber  membrane  sheets.  The  sheets  were 
connected  to  the  top  and  bottom  of  each  reactor  to  epoxy  heads.  The  top  of  each  reactor  was 
flush  with  the  end  of  the  epoxy  head,  and  the  fibers  were  connected  to  a  Winch  stainless  steel 
fitting  that  was  pressurized  with  hydrogen.  This  allowed  hydrogen  gas  to  enter  the  lumen  of  each 
hollow  fiber  from  the  top  of  the  module.  The  rate  of  hydrogen  gas  transfer  was  controlled  by  the 
rate  of  hydrogen  depletion  outside  of  the  membrane.  Pure  hydrogen  was  present  in  the  lumen, 
and  hydrogen  diffusion  through  the  membrane  was  controlled  by  the  concentration  gradient  on 
the  membrane  exterior.  As  bacteria  in  the  biofilm  consume  hydrogen  on  the  outside  surface  of 
the  membrane,  a  hydrogen  concentration  gradient  is  established,  which  increases  the  flow  rate  of 
hydrogen  across  the  membrane.  The  faster  that  bacteria  consume  hydrogen,  the  faster  the 
hydrogen  will  permeate  from  the  lumen  to  the  exterior  surface.  Nitrate-  and  perchlorate- 
contaminated  water  flowed  across  the  outside  of  the  hollow  fiber  membranes  and  indigenous 
organisms  colonized  the  exterior  fiber  surface.  The  bubble-less  gas  transfer  across  the  membrane 
to  the  bacteria  allowed  for  maximum  electron  donor  utilization.  The  total  surface  area  for  the  14 
modules  was  2,000  m  . 

While  the  system  was  operated  in  a  lead/lag  configuration,  a  three-way  valve  was  installed  to 
allow  the  PLC  to  switch  between  the  two  vessels  as  the  lead  or  lag  position.  The  purpose  of 
switching  vessel  positions  was  to  maintain  similar  active  growth  of  biomass  in  both  vessels.  If 
the  configuration  was  left  constant,  the  lead  vessel  would  receive  the  bulk  of  nutrients.  The  lag 
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reactor  may  also  develop  a  population  of  sulfate-reducing  bacteria  if  hydrogen  is  over-fed  and/or 
other  electron  acceptors  such  as  oxygen,  nitrate,  and  perchlorate  are  under-fed.  Another  possible 
benefit  to  switching  lead/lag  positions  was  that  if  sulfate-reducing  bacteria  developed  while  in 
the  lag  position,  higher  concentrations  of  DO  present  in  the  influent  water  would  inhibit  their 
growth  once  switched  to  the  lead  position.  The  frequency  of  position  change  was  every  96  hours. 
As  described  in  the  research  report  by  ASU  (Rittmann  et  al.  2013),  the  sulfate-reducing  bacteria 
still  persisted  even  though  this  strategy  was  used. 

An  Ebara  3U  65-160/10  recirculation  pump  was  installed  in  each  MBfR  vessel  (P-100  and  P- 
200),  and  each  had  an  adjustable  flow  rate  of  70  to  280  gpm.  The  recirculation  pump  was 
installed  to  provide  mixing  and  increase  mass  transfer  efficiency  of  contaminants  to  the  biofilm 
inside  the  modules.  The  module  fibers  were  periodically  sparged  with  nitrogen  to  control  biofilm 
formation.  Water  was  drained  from  the  reactors  using  a  Goulds  1ST  drain  pump  (P-101).  The 
frequency  of  sparging  was  controlled  by  the  PLC  and  was  based  on  maintaining  constant 
discharge  pressure  on  each  vessel.  The  sparge  was  conducted  by  draining  the  vessel  to  22  percent 
of  its  capacity  and  then  sparging  with  nitrogen  gas  at  10  standard  cubic  feet  per  minute  (SCFM) 
for  1  minute.  The  vessel  was  emptied,  refilled  to  22  percent  capacity,  and  sparged  a  second  time 
at  1  SCFM.  This  water  was  then  purged,  the  vessel  refilled  to  full  capacity,  which  completed  the 
sparge  process.  For  approximately  one  month  during  Optimization  testing,  compressed  air  was 
used  in  place  of  nitrogen  for  sparging.  Phosphorous  supplementation  was  added  to  the  treatment 
line  upstream  of  the  lead  MBfR  vessel.  NF  certified  phosphoric  acid  was  dosed  from  a  5-gallon 
tank  (T-180)  using  a  Pulsafeeder  Pulsatron  E  Plus  Series  diaphragm  metering  pump  (P-180).  The 
rate  of  phosphorous  supplementation  was  targeted  to  attain  a  residual  concentration  of 
approximately  0.5  mg/L  in  the  lead  MBfR  reactor  influent. 

Five  side-reactors  were  installed  with  each  MBfR  vessel  (Figure  5.7a).  These  side-reactors  were 
comprised  of  the  same  material  as  the  main  reactor  and  used  for  biofilm  sampling.  A  slipstream 
of  water  from  the  main  reactor  was  circulated  through  the  side  reactors.  A  side-reactor  was 
harvested  from  the  lead  and  the  lag  vessels  at  the  end  of  each  phase  (Start-Up,  Optimization, 
Steady  State,  and  Challenge)  and  then  sent  to  ASU  for  analysis  (Rittmann  et  al.  2013).  The  side 
reactors  contained  the  membrane  fabric  within  a  4-inch  by  3 -inch  space  within  the  interior  of  a  6- 
inch-by-6-inch  square  polycarbonate  unit.  The  polycarbonate  unit  was  housed  in  a  6-inch  by  10- 
inch  polycarbonate  container.  The  surface  area  of  the  membrane  was  approximately  35.6  square 
inches  (230  square  centimeters). 
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Figure 


5.7  MBfR  Vessel  Side-Reactors  Prior  to  Installation  (a)  and  After  Installation  (b) 


Aeration  tank 

The  aeration  tank  was  a  350-gallon  polyethylene  tank  (T-500).  Air  was  sparged  through  the 
bottom  of  the  tank  using  a  small  Dannan  AP-100  air  compressor  and  a  7-inch  round,  1.5-inch 
thick  aeration  stone  in  the  bottom  of  the  tank  (ClearWater™  Air  Stone  CWAS-FF41C)  rated  at 
1.5  cubic  feet  per  minute  (CFM).  Water  was  pumped  from  the  aeration  tank  to  the  media  filter 
using  a  Goulds  1ST  1.5  horsepower  pump  (P-502).  A  small  percentage  of  the  aeration  tank 
effluent  flow  (approximately  1  gpm)  was  routed  to  the  sump  tank  via  an  overflow  weir  rather 
than  fed  to  the  media  filter  by  setting  the  media  filter  flow  slightly  less  than  the  MBfR  feed  flow. 
The  purpose  of  splitting  the  flow  was  to  maintain  constant  hydraulic  head  in  the  aeration  tank. 


Media  filter 

Two  parallel  21 -inch  diameter  and  62-inch  tall  fiberglass  tanks  were  used  for  the  media  filters 
(M-510A/B).  However,  only  one  filter  was  operated  at  a  given  time.  Each  tank  contained 
7.5  cubic  feet  or  36-inches  of  Next-Sand  filtration  media  (14  x  40  mesh  clinoptilolite 
aluminosilicate)  with  2  cubic  feet  of  %  x  Vs  inch  support  stone.  The  filter  was  backwashed  using 
a  Goulds  2ST  3  horsepower  pump  (P-514).  Water  from  the  product  tank  was  used  for 
backwashing  at  a  rate  of  48  gpm  [approximately  22  gallons  per  minute  per  square  foot  (gpm/ft2)] 
for  10  to  13  minutes.  Backwashes  were  triggered  when  the  pressure  differential  across  the  filter 
was  in  excess  of  10  pounds  per  square  inch  (psi).  Two  Kinetico  Hydrus  multi-tank  automatic 
backwash  valves  with  backwash  control  with  a  Kinetico  Hydrus  Smart  Start  Controller  were 
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used  with  the  PLC  for  timed  backwash  control.  Backwash  water  was  collected  in  a  950-gallon 
break  tank.  On  day  125,  the  last  day  of  Start-Up,  a  fdter  aid  began  being  used  at  the  influent  of 
the  media  filter  to  increase  filter  removal  efficiency  and  decrease  effluent  turbidity.  The  filter 
aid  was  an  NSF  60  Sterling  Water  Technologies  aluminum  chlorohydrate  (SWT-8806A).  This 
was  changed  to  aluminum  chlorohydrate  SWT-2000  on  day  173.  The  filter  aid  was  stored  in  one 
5-gallon  tank  (T-501)  and  was  added  to  the  system  using  a  Masterflex  L/S  pump  (P-501). 

Finished  Water  Tank 

NSF  60  sodium  hypochlorite  was  added  to  the  media  filter  effluent  water  for  disinfection  using 
an  Iwaki  America  Inc.  E-Class  metering  pump  (P-515)  prior  to  entering  the  product  tank.  The 
chlorine  dose  was  calculated  based  on  CT  requirements  and  chlorine  demand  tests  (see  Section 
5.6).  The  sodium  hypochlorite  tank  was  a  25-gallon  NSF60  hypochlorite  tank  (T-516).  Finished 
water,  or  product  water,  was  stored  in  a  1,000-gallon  (T-518)  polyethylene  tank  that  was  64 
inches  in  diameter  and  8 1  inches  tall. 

Break  Tank  and  Sump 

The  break  (reject)  tank  was  used  as  a  temporary  storage  container  for  media  filter  backwash 
water.  This  was  a  950-gallon  polyethylene  tank.  Water  from  the  reject  tank  and  product  tank 
were  pumped  to  the  sump  prior  to  GAC  treatment.  The  sump  tank  was  a  400-gallon  polyethylene 
tank  (T-601)  with  a  Goulds  1ST  sump  pump  (P-600). 

Granular  Activated  Carbon  (GAC)  Filtration 

Two  Carbon  Supply  Inc.  L-1000  steel  vessels  were  installed  in  a  lead/lag  configuration.  The 
vessels  were  36  inches  in  diameter  and  77  inches  high.  The  vessels  contained  1,000  pounds  of 
F300  8  x  30  mesh  GAC  for  removal  of  VOCs  in  compliance  with  RWQCB  permit  requirements. 
Two  parallel  in-line  bag  filters  were  installed  upstream  of  the  GAC  vessels  for  turbidity  and 
solids  removal.  The  solids  retained  by  the  filters  were  primarily  associated  with  detached 
biofilm. 

Ion  Exchange  (IX)  Resin 

Two  Calgon  TW-36  vessels  were  installed  in  a  lead/lag  configuration.  The  vessels  were  each 
filled  with  36  cubic  feet  or  approximately  2,300  pounds  of  CalRes  2109  IX  resin.  The  vessels 
were  42  inches  in  diameter  and  67  inches  high.  The  vessels  were  installed  with  IX  resin  to 
remove  residual  perchlorate  in  compliance  with  RWQCB  pennit  requirements. 

Groundwater  Discharge 

The  effluent  of  the  IX  resin  treatment  was  discharged  to  an  existing  French  drain  under 
California  RWQCB  permit  number  R8-2002-0033-038. 

Monitoring  through  each  stage  of  the  process  was  conducted  at  the  sampling  locations  identified 
in  Table  5.3.  Specific  details  on  the  sampling  protocol  for  each  Phase  are  outlined  in  Section  5.6. 
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Table  5.3  Sample  Port  Locations 


Sample  Port 

Description 

SP-001 

MBfR  influent 

Strainer 

Post  phosphate  injection,  prior  to  MBfRl 

SP-100 

MBfRl  effluent 

SP-200 

MBfR2  effluent 

SP-500 

Aeration  tank  effluent 

SP-506 

Filter  backwash 

SP-507 

Media  filter  effluent 

Post-NaOCl 

Post  sodium  hypochlorite  injection,  prior  to  product  tank 

SP-508 

Product  tank  (finished  water)  effluent 

SP-600 

MBfR  solids  drain 

SP-801 

GAC  1  effluent 

SP-802 

GAC  2  effluent 

SP-803 

IX  1  effluent 

SP-800 

Pennitted  outfall 

5.4.2  Online  Monitoring  and  Control 


Operator  Interface  Terminal  (OIT)  System/Programmable  Logic  Controller  ( PLC ) 

The  PLC  uses  software  to  control  a  wide  variety  of  operating  parameters  and  is  controlled  by  a 
touch  screen  OIT  [commonly  called  a  human  machine  interface  (HMI)].  The  OIT  was  used  to 
control  system  operations,  track  parameters,  and  check  and  control  system  processes  (Figure 
5.8).  An  Allen-Bradley  PLC  was  used  to  control  the  treatment  system.  System  interlock  alarm 
responses  are  shown  in  Table  5.4. 


STAGE  2 


47  %  73  2  DEG  F 

Temp 


Figure  5.8  OIT  System  Monitoring  Screen  for  the  Lag  MBfR 
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Table  5.4  System  Interlock  Alarm  Responses 


Alarm  Description 

Computer  Action 

Operator  Response 

E-Stop 

Shuts  down  all  valves,  pumps, 
and  gas  flows. 

If  the  E-Stop  button  is  pushed 
accidentally,  pull  out  the  E-Stop  button 
to  reset  it  and  acknowledge  the  alann. 

Remote  Shutdown 

Shuts  down  all  valves,  pumps, 
and  gas  flows.  If  the  well 
pump  is  not  running,  the 

MBfR  receives  a  shutdown 
signal. 

Resolve  the  remote  shutdown  signal, 
acknowledge  the  alann,  and  restart  the 
system. 

High  Hydrogen 
Pressure 

Closes  all  hydrogen  valves. 

Investigate  reason  for  high  pressure, 
such  as  a  failed  regulator  or  hydrogen 
control  valve. 

High  Temperature 

Shuts  down  the  valves,  pump, 
and  gas  flows  to  the  stage 
with  the  high  temperature  to 
prevent  overheating  the 
pumps  or  the  biomass. 

Determine  the  cause  of  the  high 
temperature.  Consider  reducing  the 
recycle  flow  rate  set  point  for  that  unit 
in  order  to  minimize  heat  input  [so  the 
Variable  frequency  drive  (VFD)  will 
run  slower]. 

High  Differential 
Pressure 

Alarm  only. 

Consider  adjusting  sparge  settings  to 
reduce  the  pressure  buildup.  Consult 
APTwater  when  making  adjustments. 

Low  Water  Flow 

Shuts  down  all  valves,  pumps 
and  gas  flows  for  that  stage. 
This  alann  protects  the  pump 
from  dead  heading,  which  can 
lead  to  premature  failure. 

Determine  the  cause  of  the  low  water 
flow. 

LEL  (hydrogen 
leak)  Detection 

LEL  detector  will  shut  down 
all  hydrogen  valves. 

Stop  any  hot  work  (electrical,  drilling, 
cars,  welding,  etc.)  and  look  for 
hydrogen  leaks  and  repair. 

VFD  Failure 

Each  stage  will  shut  down  on 
low  flow. 

Ensure  that  the  circuit  breaker  is  ON. 
Refer  to  the  VFD  manual  for 
troubleshooting  the  VFD. 

Water  Flow 
Deviation  from 
setpoint 

Warning  only. 

Determine  why  water  flow  is  not  at 
setpoint  (plugged  feed  fdter,  high 
differential  pressure  in  modules,  feed 
regulator  pressure  set  too  high/low, 
flow  setpoint  incorrect,  etc.). 
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Alarm  Description 

Computer  Action 

Operator  Response 

pH  High 

Warning  only.  High  pH  can 
lead  to  Hardness  pH  in  the 
feed  water  precipitating  out, 
which  will  cause  plugging  if 
allowed  to  continue. 

Check  the  CO2  cylinders.  High  pH 
indicates  that  the  CO2  gas  flow  may  not 
be  working.  Verify  that  all  valves  are 
open  between  the  cylinder  and  the 

MBfR.  Open  the  appropriate  pH 

Control  screen  and  verify  that  the 
controller  is  in  Auto  and  that  there  is 

CO2  flow  and  the  setpoint  for  pH  is  7.2 
SU.  Open  the  Mass  Flow  Controller 
cabinet  and  see  if  the  readout  on  the 
screen  shows  a  C02  flow. 

pH  Low 

Warning  only.  Low  pH  can 
cause  the  bacteria  to  perfonn 
less  than  optimal.  Very  low 
pH  water  is  also  more 
corrosive. 

Follow  the  same  steps  as  for  High  pH. 
Consider  lowering  the  CO2  regulator 
pressure  and  the  maximum  CO2  flow  to 
help  avoid  adding  too  much  CO2. 

Sparge  Timeout 

System  exits  sparge  cycle. 

Resolve  the  cause  of  a  long  sparge. 

Nitrate  Analyzer 

Nitrate  analyzers  were  supplied  by  Endress  and  Hauser  (Reinach,  Switzerland).  In  the  beginning 
of  the  project,  the  Stamosens  CNM750/CNS70  nitrate  analysis  system  was  used,  with  a  nitrate -N 
detection  range  of  0.2  to  60  mg/L.  This  analyzer  was  replaced  on  day  88  with  a  Liquiline 
CM44x  controller  and  a  Viomax  CAS51D  sensor.  This  sensor  had  a  nitrate-N  detection  range  of 
0.01  to  10  mg/L.  An  automated  Asahi  Electromni  electrically  actuated  ball  valve  was  placed 
upstream  of  the  nitrate  analyzer  and  switched  hourly  between  a  supply  of  MBfR  lead  effluent 
and  lag  effluent  to  the  analyzer  which  allowed  monitoring  by  the  OIT  system.  Water  from  the 
influent  to  the  MBfR  system  was  analyzed  by  the  nitrate  analyzer  one  hour  each  day. 

pH  and  ORP  Probes 

The  pH  and  ORP  analyzers  were  supplied  by  George  Fischer  Signet  (El  Monte,  CA).  The  Signet 
DryLoc  2750  pH/ORP  probe  had  a  range  of  0  to  14  pH  SET  and  0±2000  millivolts  (mV)  for  ORP 
and  was  monitored  by  the  OIT  system.  The  analyzers  were  used  to  continuously  monitor 
effluent  pH  and  ORP  of  the  MBfR  lead  and  lag  tanks.  The  pH  analyzer  was  tied  into  the  PLC  to 
control  the  addition  of  carbon  dioxide  gas  to  maintain  a  consistent  pH. 

Turbidimeters 

Turbidity  analyzers  were  supplied  by  Endress  and  Hauser  and  monitored  by  the  OIT  system. 
The  Liquisys  M  CUM223/253  analyzer  was  used  to  continuously  monitor  the  effluent  from  the 
product  tank.  On  day  166,  a  Turbimax  CUE22  in-line  analyzer  was  installed  downstream  of  the 
media  filter.  The  two  turbidimeters  were  monitored  for  the  duration  of  the  study. 

LEL/Hydrogen  Detectors 

Since  hydrogen  gas  was  used  for  an  electron  donor,  Scott  Sentinel  II  LEL  sensors  were  supplied 
to  monitor  for  leaks.  The  LEL  sensor  span  was  0  to  100  percent.  Hydrogen  has  a  low  LEL  of  4 
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percent  and  presents  a  significant  safety  hazard.  These  sensors  were  tied  into  the  PLC  and  if  the 
reading  was  within  25  percent  of  the  LEL,  the  PLC  would  shut  down  all  hydrogen  valves. 

5.5  FIELD  TESTING 

The  field  Demonstration  was  comprised  of  four  phases  of  testing  including  Start-Up, 
Optimization,  Steady  State,  and  Challenge.  The  Start-Up  phase  included  a  period  of  colonization 
and  acclimation  for  bacteria  on  the  fiber  membranes.  The  objective  of  the  Optimization  phase 
was  to  vary  operational  parameters,  including  flow  rate  and  recycle  flow  rate,  to  find  the  best 
performing  and  most  cost-effective  strategy.  The  Steady  State  phase  was  conducted  to  assess  the 
system  stability  during  constant  conditions.  The  Challenge  phase  included  a  series  of  intentional 
system  upsets  followed  by  system  monitoring  to  assess  system  resiliency  and  stability.  The  dates 
and  durations  of  each  phase  and  test  conducted  are  shown  in  Figure  5.9.  Field  logs  are  included 
in  Appendix  B,  and  field  notes  and  monitoring  data  are  included  in  Appendix  C. 


ID 

Task  Name 

Start 

Finish 

1 

Mobilization/Construction 

Wed  3/2/11 

Thu  4/28/11 

2 

Construction  Starts 

Wed  3/2/11 

Wed  3/2/1 1 

3 

Construction  Ends 

Thu  4/28/1 1 

Thu  4/28/1 1 

4 

Start  Up  Phase 

Fri  4/29/11 

Thu  8/18/11 

5 

Start  Up  Phase  Started 

Fri  4/29/1 1 

Fri  4/29/11 

6 

Chlorine  Demand  Test 

Wed  6/15/11 

Thu  6/16/11 

7 

Tracer  Test 

Fri  8/12/11 

Fri  8/12/11 

8 

Start  Up  Phase  Ends 

Thu  8/18/11 

Thu  8/18/11 

9 

Optimization  Phase 

Thu  8/18/11 

Tue  12/13/11 

10 

Optimization  Phase  starts 

Thu  8/18/11 

Thu  8/18/11 

11 

Batch  Testtl 

Fri  9/16/11 

Fri  9/16/11 

12 

Batch  Test  #2 

Mon  11/14/11 

Mon  11/14/11 

13 

Batch  Test  #3 

Wed  11/16/11 

Wed  11/16/11 

14 

Optimization  Phase  Ends 

Tue  12/13/11 

Tue  12/13/11 

15 

Steady  State  Phase 

Wed  12/14/11 

Wed  1/11/12 

16 

Steady  State  Phase  Starts 

Wed  12/14/11 

Wed  12/14/11 

17 

Steady  State  Phase  Ends 

Wed  1/11/12 

Wed  1/11/12 

18 

Challenge  Phase 

Wed  1/11/12 

Wed  1/25/12 

19 

Challenge  Phase  Starts 

Thu  1/12/12 

Thu  1/12/12 

20 

Test  1-4  Hour  Hydrogen  Shut  Off 

Wed  1/11/12 

Wed  1/11/12 

21 

Test  2-24  Hour  Hydrogen  Shut  Off 

Sun  1/15/12 

Mon  1/16/12 

22 

Test  3-4  hour  System  Shut  Down 

Thu  1/19/12 

Thu  1/19/12 

23 

Test  4-24  Hour  System  Shut  Down 

Mon  1/23/12 

Tue  1/24/12 

24 

Challenge  Phase  Ends 

Wed  1/25/12 

Wed  1/25/12 

25 

Demobilization 

Thu  1/26/12 

Fri  2/10/12 

Feb  |  Mar  |  Apr  1  May  |  Jun  |  Jul  |  Aug  |  Sep  1  Oct  1  Nov  |  Dec 


^  3/2 


4/28 
4  4/29 


I 

I 

<$>  8/18 


^  12/13 

TP 


^  i/ii 

♦  1'12 

I 

1 

I 

I 
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Figure  5.9  Demonstration  Schedule 
5.5.1  Installation  and  Start-Up 


The  following  site  alterations  were  conducted  prior  to  installation  of  the  MBfR  treatment  system: 

•  The  existing  well  pump  was  tested  and  did  not  supply  adequate  flow  for  project 
requirements.  The  well  pump  and  motor  were  replaced. 

•  A  new  distribution  box  and  electrical  panel  were  installed  to  provide  power  required  to 
operate  the  MBfR  system. 

•  A  new  electrical  pole  and  upsized  transfonner  were  installed  adjacent  to  the  site  to 
provide  power  to  the  new  electrical  panel. 
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•  A  new  concrete  pad  and  security  fence  were  installed  to  provide  structural  support  for  the 
gases. 

•  Two  Conex  shipping  containers  were  installed  and  leveled  plumb  to  each  other.  A  heavy- 
duty  canopy  was  installed  by  connecting  the  span  of  the  two  shipping  containers. 

•  Secondary  containment  was  installed  for  spill  prevention.  An  additional  secondary 
containment  was  installed  in  one  of  the  shipping  containers  for  spill  prevention  from 
additional  treatment  system  components. 

After  the  system  was  constructed,  gas  and  water  leaks  were  tested  in  pipelines  and  vessels  prior 
to  Start-Up.  The  first  day  of  Start-Up  was  April  20,  2011.  The  maximum  flow  rate  that  the 
system  was  pennitted  to  produce  was  30  gpm.  Table  5.5  lists  initial  start-up  conditions  and 
targets  planned  for  the  study.  The  pH  in  the  MBfR  vessels  was  kept  relatively  constant  between 
approximately  7.0  and  7.5  SU  to  maximize  biological  activity,  minimize  precipitation  in  the 
biofilm,  and  minimize  carbon  dioxide  consumption.  NSF  grade  phosphoric  acid  was  added  as  a 
nutrient  supplement  at  a  target  concentration  of  0.5  mg-P/L.  The  dose  was  detennined  based  on 
nutrient  demand  for  cellular  growth  and  previous  research  (Brown  et  al.  2008). 


Table  5.5  Phase  I  System  Start-Up 


Parameter 

Units 

Initial  Value 

Target 

Range 

Feed  flow  rate 

gpm 

1 

maximum 

sustainable 

1  to  30 

Recycle  flow  rate  in  each  tank 

gpm 

140 

140 

70  to  280 

Hydrogen  pressure 

psi 

5 

30 

5  to  30 

Carbon  dioxide  flow  rate 

SCFH 

7.0  to  7.5 

7.0  to  7.5 

3  to  20 

MBfR  tank  lead/lag  reversal  time 

days 

3 

3 

- 

MBfR  module  nitrogen  sparge 
and  tank  drain  frequency 

hours 

Off 

24 

12  to  96 

MBfR  module  nitrogen  sparge 
duration 

minutes 

3 

1 

- 

Nitrogen  sparge  flow  rate  per 
module 

SCFM 

10 

10 

Media  filter  backwash  rate 

gpm 

40  to  48 

48 

40  to  48 

Media  filter  backwash  duration 

minutes 

20 

10-15 

0  to  20 

Effluent  perchlorate 

pg/L 

Average 
influent  of  166 

<4 

<  4  to  100 

Effluent  nitrate 

mg-N/L 

Average 
influent  of  8.6 

<0.5 

0  to  2.5 

Online  process  monitoring  for  the  Demonstration  included  a  combination  of  manually  recorded 
monitoring  parameters  and  online  data  from  the  supervisory  control  and  data  acquisition 
(SCAD A)  system.  Monitoring  data  included: 

•  Hydrogen  flow  rates  and  cumulative  volume  (SCAD A) 

•  Hydrogen  pressures  (SC  AD  A) 

•  Tank  carbon  dioxide  flow  rates  and  cumulative  volume  (SCAD A) 

•  Module  carbon  dioxide  flow  rates  and  cumulative  volume  (SCAD A) 
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•  Nitrogen  pressure  (SCAD A) 

•  Nitrogen  flow  rates  and  cumulative  volume  (gauges) 

•  Gas  supply  tank  pressures/levels  (gauges) 

•  Aeration  tank  air  flow  rate  and  pressure  (gauge) 

•  Cumulative  volume  to  2,500-gal  feed  tank  (gauge) 

•  Instantaneous  flow  rate  to  2,500-gal  feed  tank  (gauge) 

•  Feed  flow  rate  to  MBfR  skid  (SCAD A) 

•  Recycle  flow  rates  (SCAD A) 

•  Recycle  pump  discharge/core  tube  pressures  (SCAD A) 

•  Filter  flow  rate  (SCAD A) 

•  Backwash  frequency  and  duration  (SCAD A) 

•  Nitrogen/air  scour  frequency  and  duration  (SCAD A) 

•  pH  (SCAD A) 

•  ORP  (SCADA) 

•  Temperatures  (SCADA) 

•  Nitrate  (SCADA) 

•  Turbidity  (SCADA) 

•  Hypochlorite  flow  rate  and  cumulative  volume  (graduated  cylinder/stopwatch,  level 
indicator) 

•  Coagulant/flocculant  flow  rate  and  cumulative  volume  (graduated  cylinder  /stopwatch, 
level  indicator) 

•  Media  filter  inlet  pressure  (SCADA) 

•  Media  filter  outlet  pressure  (SCADA) 

•  Media  filter  backwash  events  (SCADA) 

•  Media  filter  backwash  flow  rate  and  volume  per  event  (SCADA) 

•  Bag  filter  pressures  (gauges) 

•  GAC  and  IX  vessel  pressures  (gauges) 

•  Cumulative  volume  discharged  to  French  drain  (gauge) 

Chlorination  Disinfection  Study 

Disinfection  of  treated  water  was  attained  using  NSF  60  grade  sodium  hypochlorite.  Chlorine 
demand  tests  were  conducted  on  days  52  and  53  using  the  Chemetrics  test  kit  K-2504  (DPD 
colorimetric  method)  and  following  Standard  Method  2350  for  chlorine  demand  (APHA  1998). 
Residual  free  chlorine  was  measured  after  1,5,  60,  140,  and  160  minutes  as  representative  of  the 
approximate  hydraulic  residence  time  between  the  injection  point  and  the  effluent  of  the  product 
tank.  Chlorine  demand  was  evaluated  to  guide  chlorine-dosing  needs.  During  operations,  residual 
chlorine  was  also  measured  at  the  finished  water  to  confirm  that  the  appropriate  residual  was 
attained. 

The  USEPA  Ground  Water  Rule  requires  at  least  99.99  percent  (4-log)  inactivation  (disinfection) 
or  removal  (filtration)  of  viruses  be  provided  by  Public  Water  Systems  using  ground  water  that  is 
not  under  the  direct  influence  of  surface  water  as  its  source.  No  filter  credit  is  allowed  for 
biological  treatment  systems,  thus  the  entire  4-log  inactivation/removal  must  be  accomplished  by 
disinfection.  The  USEPA  “Guidance  Manual  for  Compliance  with  the  Filtration  and  Disinfection 
Requirements  for  Public  Water  Systems  Using  Surface  Water  Sources”  (USEPA  1991)  was  used 
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as  a  guideline  for  achieving  the  4-log  inactivation.  The  CT  requirement  was  calculated  as  the 
concentration  of  disinfectant  “C”  multiplied  by  the  contact  time  “T”  in  minutes.  The  chlorine 
dose  was  altered  to  meet  CT  requirements  at  the  finished  water  tank. 

Tracer  Test 

A  tracer  test  was  conducted  on  day  109  to  evaluate  the  hydraulic  residence  time  in  the  MBfR 
reactors.  There  was  potential  for  “short-circuiting”  of  flow  that  bypassed  portions  of  the  reactors. 
A  high-concentration  sodium  chloride  (NaCl)  solution  was  used  as  a  conservative  tracer  in  the 
lag  reactor.  A  300-g/L  stock  solution  was  made  with  a  conductivity  of  459  millisiemens  per 
centimeter  (mS/cm).  Conductivity  measurements  were  collected  using  a  Hach  Sension  handheld 
conductivity  meter.  Background  conductivity  readings  were  collected  from  the  lag  reactor 
effluent  prior  to  adding  the  solution  and  were  approximately  400  microsiemens  per  centimeter 
(pS/cm).  A  single  pulse  of  salt  solution  was  added  to  the  siphon  inlet  of  lag  MBfR.  while  the 
system  was  operating  at  18  gpm.  The  lag  effluent  conductivity  was  measured  every  15  minutes 
until  conductivity  declined  to  near  baseline  levels. 

The  key  indicator  of  start-up  success  was  attaining  perchlorate  concentrations  in  the  effluent  of 
the  lag  reactor  of  less  than  the  EPA  Method  314.0  analytical  reporting  limit  of  4  pg/L.  Other 
parameters  used  to  assess  start-up  progress  included  concentrations  of  DO,  nitrate,  nitrite,  and 
sulfide  in  the  lag  reactor;  hydrogen  consumption;  ORP,  and  biomass  accumulation  on  MBfR. 
fibers. 

5.5.2  Optimization 

The  primary  goal  of  the  Optimization  phase  was  to  identify  peak  operating  conditions  for  the 
MBfR.  This  phase  was  designed  to  obtain  data  under  a  variety  of  operating  conditions  and  assess 
the  effects  of  operating  conditions  on  perchlorate  and  nitrate  removal.  Previous  research 
indicated  that  hydrogen  pressure,  which  controls  electron  donor  availability,  and  electron 
acceptor  surface  loading  rate  were  key  operating  parameters  for  the  MBfR  (Zhao  et  al.  2011; 
Ziv-El  and  Rittmann  2009).  Other  parameters  include  the  recycle  flow  rate,  which  affects  mass 
transfer,  MBfR  gas  sparge  frequency,  and  the  gas  used  for  sparging.  Table  5.6  presents 
conditions  for  the  Optimization  tests.  The  general  approach  was  based  on  variation  of  the  MBfR 
recycle  rate  and  feed  water  flow  rate.  Membrane  hydrogen  pressure  was  adjusted  to  alter  the 
electron  donor  delivery  capacity  to  match  stoichiometric  requirements.  Influent  flow  rate  was 
varied  to  assess  performance  at  various  hydraulic  residence  times  and  contaminant  loading  rates. 
Recycle  rate  was  varied  to  evaluate  liquid-phase  mass  transfer  resistance  and  associated  effects 
on  contaminant  removal  flux.  The  effect  of  lead/lag  reversal  on  perchlorate  and  nitrate  treatment 
was  also  assessed. 


Table  5.6  Phase  I 


System  Optimization  Tests 


Start 

Day 

End 

Day 

Flow 

Rate 

(gpm) 

Recycle  Rate 

Hydrogen 

Pressure 

N  Loading 
(mg-N/m2d) 

ClOfi 

Loading 

(mg/m2d) 

Sparge 

Rate 

(hrs) 

MBfRl 

(gpm) 

MBfR2 

(gpm) 

MBfRl 

(psi) 

MBfR2 

(psi) 

127 

132 

15 

280 

280 

17 

19 

739 

12.7 

24 

132 

140 

10 

280 

280 

12 

15 

493 

8.5 

24 
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Start 

Day 

End 

Day 

Flow 

Rate 

(gpm) 

Recycle  Rate 

Hydrogen 

Pressure 

N  Loading 
(mg-N/m2d) 

ClOf 

Loading 

(mg/m2d) 

Sparge 

Rate 

(hrs) 

MBfRl 

(gpm) 

MBfR2 

(gpm) 

MBfRl 

(psi) 

MBfR2 

(psi) 

140 

141 

20 

280 

280 

20 

24 

986 

17 

24 

141 

146 

5 

280 

280 

20 

10 

246 

4.2 

24 

146 

148 

15 

210 

180 

10 

15 

739 

12.7 

6 

148 

151 

15 

210 

210 

10 

15 

739 

12.7 

6 

151 

154 

10 

210 

180 

10 

13 

575 

9.9 

6 

154 

155 

10 

180 

180 

15 

12 

575 

9.9 

6 

155 

157 

10 

180 

180 

15 

12 

575 

9.9 

12 

158 

162 

10 

180 

180 

15 

12 

575 

9.9 

24 

162 

169 

5 

180 

180 

15 

12 

287 

5 

24 

169 

178 

10 

180 

180 

15 

12 

575 

9.9 

24 

179 

182 

10 

180 

180 

15 

12 

575 

9.9 

12 

182 

197 

10 

150 

180 

15 

15 

575 

9.9 

12 

197 

202 

10 

150 

180 

15 

17 

575 

9.9 

4 

202 

205 

10 

150 

180 

15 

15 

575 

9.9 

4 

206 

209 

10 

150 

180 

15 

15 

575 

9.9 

48 

209 

217 

8 

150 

120 

15 

15 

647 

11.1 

12 

217 

217 

6 

150 

120 

16 

16 

517 

8.9 

12 

217 

228 

6 

150 

120 

16.5 

16.5 

517 

8.9 

12 

Batch  Testing 

Batch  tests  were  conducted  to  evaluate  mass  transfer  limitations,  determine  whether  reduction  of 
perchlorate  concentrations  to  less  detection  limits  was  possible,  and  detennine  how  sulfide 
production  correlated  with  perchlorate  reduction.  Two  batch  tests  were  conducted  to 
systematically  evaluate  the  effect  of  recycle  flow  rate  on  performance  (see  detailed  methods  in 
Appendix  D).  The  first  was  on  day  141.  The  influent  flow  was  increased  from  10  to  20  gpm  on 
the  day  prior  to  the  test  until  the  nitrate  analyzer  readings  were  above  5.5  mg-N/L  in  the  lead 
reactor  effluent.  On  the  day  of  the  test,  the  influent  and  effluent  lines  were  closed  on  the  lead 
vessel.  The  recycle  pump  was  operated  at  a  rate  of  280  gpm  and  the  hydrogen  pressure  was  28 
psig.  The  nitrate  analyzer  was  monitored  online  at  the  lead  vessel  and  at  the  discharge  of  the 
recycle  pump.  Samples  were  collected  when  the  online  nitrate  analyzer  reading  was  2.5,  0.5,  and 
0  mg-N/L.  Samples  were  also  collected  after  5,  10,  and  20  minutes  of  attaining  0  mg-N/L  in  the 
reactor.  The  same  protocol  was  followed  for  the  lag  vessel  except  the  hydrogen  pressure  was  20 
psig.  The  samples  were  sent  an  analytical  laboratory  for  perchlorate,  sulfate,  and  sulfide 
analyses. 

The  second  batch  test  was  conducted  on  days  200  and  202.  These  tests  were  conducted  to  assess 
the  effect  of  varying  recycle  flow  rates  on  nitrate  and  perchlorate  removal.  On  the  day  prior  to 
the  test  (day  119),  influent  flow  was  10  gpm  and  the  recirculation  flow  rate  was  180  gpm  on 
MBfR2  and  150  gpm  on  MBfRl.  The  two  vessels  had  different  recycle  ratios  because  MBfRl 
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had  4  modules  and  MBfR2  had  6  modules.  The  lead  vessel  (MBfR2)  had  a  hydrogen  pressure  of 
17.5  psi,  and  the  lag  vessel  (MBfRl)  was  15  psig. 


Single-Stage  Operation 

The  system  was  designed  to  operate  in  series,  in  a  lead/lag  configuration.  On  day  143,  the  flow 
was  decreased  from  10  to  5  gpm  and  the  lag  reactor  was  bypassed  to  simulate  single-stage 
operation.  The  nitrate  analyzer  was  monitored  online  and  water  samples  were  collected  on  day 
144  at  the  influent  and  effluent  of  the  lead  reactor  for  perchlorate,  nitrate,  and  nitrite  to  assess 
perfonnance.  Total  sulfide  and  sulfate  were  collected  from  the  aeration  tank  to  assess  the  impact 
of  sulfate-reducing  bacteria.  The  vessels  were  placed  back  on  a  lead/lag  configuration  at  the  end 
of  day  144. 

System  Upsets 

System  upsets  including  module  failures,  leaks,  level  alanns,  and  loss  of  hydrogen  supply 
occurred  during  Optimization  (Table  5.7).  Each  vessel  initially  had  seven  membrane  modules. 
Several  modules  had  mechanical  failures  due  to  delamination  of  the  epoxy  head  from  the  reactor 
core,  which  was  likely  associated  with  manufacturing  issues  that  have  since  been  remedied.  On 
day  146,  failure  of  the  O-ring  seal  at  the  bottom  of  the  reactors  resulted  in  hydrogen  bypass.  The 
design  was  changed  to  a  screw-mount  rather  than  O-ring  connection  to  mitigate  further  bypass. 
The  reactors  were  exposed  to  air  during  these  maintenance  activities  for  approximately  19  hours. 


Table  5.7  System  Upset  Conditions 


Start 

Day 

End 

Day 

Upset  Condition 

Reactors  Online 

System 

Down 

O-ring 

Bypass 

Reactor 

Failure 

Hydrogen 

Leak 

No  Hydrogen 
Supply 

MBfR  1 

MBfR  2 

146 

146 

X 

X 

7 

7 

150 

153 

X 

X 

X 

6 

6 

169 

169 

X 

X 

5 

6 

182 

183 

X 

X 

4 

6 

205 

207 

X 

X 

4 

4 

217 

217 

X 

4 

4 

220 

220 

X 

4 

4 

228 

229 

X 

4 

4 

Sparging 

Compressed  air  was  used  in  place  of  nitrogen  for  sparging  on  days  168  to  191  to  test  effects  on 
perfonnance.  Since  the  reactors  are  targeting  anoxic  bio-reduction,  nitrogen  gas  was  normally 
used  for  sparging.  The  duration  of  the  compressed  air  sparging  was  1  minute  at  10  SCFM  and  the 
tested  frequencies  were  once  every  48,  24,  22,  12,  6,  and  4  hours. 

5.5.3  Steady  State 

Steady  State  operation  was  conducted  from  days  230  to  258  to  assess  performance,  stability,  and 
responsiveness  to  normal  fluctuations  in  water  quality.  The  system  was  operated  at  conditions 
determined  during  Optimization  that  produced  the  best  performance  with  respect  to  perchlorate 
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and  nitrate  removal.  Disinfection  was  assessed  by  maintaining  appropriate  disinfectant  contact 
time  and  residual  to  meet  CT  requirements.  Finished  water  quality  and  aesthetics  were  assessed 
including  turbidity,  DBPs,  DBP-FP,  nitrosamines,  DOC,  and  TON. 

5.5.4  Challenge 

The  primary  goal  of  the  Challenge  phase  was  to  perturb  MBfR  operation  sufficiently  to 
temporarily  disrupt  perchlorate  and  nitrate  removal  and  then  monitor  response  to  baseline 
operations.  Hydrogen  shutoff  simulated  loss  of  electron  donor.  System  shutdown  tests  simulated 
power  failure  and  shutdown  of  all  operations  (Table  5.8).  System  monitoring  and  sampling  was 
conducted  when  the  system  was  placed  back  online  until  conditions  rebounded  to  baseline 
conditions.  Maintenance  activities  conducted  during  Optimization  provided  infonnation  on 
system  resiliency  and  reliability  (see  Section  5.5.2),  and  were  therefore  not  evaluated  further. 


Table  5.8  Phase  IV  System  Challenge  Tests 


Test 

Test  Description 

Challenge  Duration 

1 

Hydrogen  shutoff 

4  hours 

2 

Hydrogen  shutoff 

24  hours 

3 

System  Shutdown 

4  hours 

4 

System  Shutdown 

24  hours 

5.5.5  Backwash  Water  Characterization 

Membrane  fibers  were  gas  sparged  to  control  accumulation  of  inert  compounds  and  biofilm 
growth  on  the  exterior  surface  of  the  membrane  fibers.  The  frequency  of  sparging  was  controlled 
by  the  PLC  and  was  selected  to  maintain  a  relatively  constant  reactor  discharge  pressure,  which 
was  affected  by  biomass  and  solids  accumulation  on  the  membranes.  The  frequency  of  sparge 
events  was  varied  throughout  the  project  over  the  range  of  once  every  48,  24,  12,  6,  and  4  hours. 
The  sparge  process  included  draining  the  lag  vessel  by  approximately  78  percent,  sparging  with 
nitrogen  gas  for  one  minute  at  10  SCFM,  and  draining  the  vessel  to  approximately  3.2  percent 
full.  The  vessel  drainage  period  was  2  to  4  minutes.  Sparge  samples  were  collected  as  a  3-point 
composite  from  0.5,  1.5,  and  2.5  minutes  after  draining.  The  vessel  was  then  partially  filled  to  22 
percent  of  capacity,  water  was  recirculated  at  30  gpm  for  one  minute,  and  the  vessel  was  drained 
a  second  time.  The  total  time  that  the  fibers  were  exposed  to  air  was  about  10  minutes  and  did 
not  result  in  drying  of  the  biofilm.  The  biofilm  was  exposed  to  air  during  this  time.  However  the 
nitrate-  and  perchlorate-reducing  bacteria  are  facultative  and  are  not  killed  by  exposure  to 
oxygen.  A  separate  composited  sample  of  this  drain  water  was  also  collected.  This  process  was 
conducted  individually  for  the  lead  and  lag  vessels.  Samples  were  analyzed  in  an  analytical 
laboratory  for  TSS.  Turbidity  measurements  were  analyzed  initially  using  a  Hach  2100P 
turbidimeter  until  it  was  replaced  by  a  more  sensitive  Hach  2100N  on  day  188. 

The  media  filter  was  backwashed  when  the  pressure  differential  across  the  filter  was  in  excess  of 
10  psi.  Manual  backwashes  were  initiated  for  sampling  when  the  differential  pressure  across  the 
filter  was  close  to  the  backwash  set  point.  Water  from  the  product  tank  was  used  for 
backwashing  at  a  rate  of  45  to  50  gpm  (21  to  23  gpm/ft2)  for  10  to  13  minutes.  The  entire 
backwash  process  used  approximately  400  to  500  gallons  of  water.  Five  200-mL  samples  were 
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collected  at  1,  3,  5,  7,  and  9  minutes  and  composited.  Samples  were  analyzed  in  an  analytical 
laboratory  for  TSS  using  Standard  Method  2540D  (APHA  1998).  Turbidity  measurements  were 
conducted  in  the  field  using  a  Hach  2100  P  turbidimeter  until  it  was  replaced  by  a  Hach  2100N 
on  day  188. 

5.5.6  Demobilization 

Demobilization  activities  included: 

•  Gas  injection,  phosphorus  supplementation,  and  disinfection  injection  systems  were 
disassembled. 

•  The  system  was  drained,  flushed  with  well  water,  and  drained  again. 

•  The  influent  tank,  MBfR  vessels,  aeration  tank,  media  filter,  product  tank,  GAC  and  IX 
vessels,  and  piping  were  disassembled. 

•  Secondary  containment  infrastructure  was  removed. 

•  Electrical  power  was  disconnected  and  tenninated  by  an  electrician. 

•  GAC  and  IX  resin  were  characterized  and  disposed. 

•  The  influent  well  electrical  panel,  cabinets,  power  and  control  wiring  were  left  in  place 
and  the  piping  to  the  system  was  removed. 

•  The  outfall  discharge  French  drain  was  capped. 

•  Remaining  chemicals  and  field  test  kits  were  removed  from  the  site. 

•  The  gas  canisters,  carbon  dioxide,  and  nitrogen  tanks  were  removed  from  the  site. 

•  The  Conex  trailers,  associated  equipment,  and  canopy  were  removed  off-site. 

•  Lab  waste  was  disposed  as  hazardous  waste  off-site. 

•  The  GAC  and  IX  vessels  were  removed  from  the  site. 

5.6  SAMPLING  METHODS 

This  section  describes  the  sampling  locations,  collection  procedures,  and  analysis  methods 
performed  during  the  MBfR  Demonstration  project.  The  primary  sampling  locations  included  the 
influent  groundwater  (MBfR  influent),  MBfR  lead  and  lag  effluents,  and  the  post-aeration, 
treatment  process  (i.e.,  media  filter,  bag  filter,  GAC,  and  IX)  effluents.  QA/QC  results  are 
summarized  in  Appendix  E. 

5.6.1  Analytical/Testing  Methods 

Table  5.9  lists  the  parameters  tested,  sampling  locations,  and  frequency  of  collection  during  the 
Demonstration.  Most  of  the  samples  were  grab  samples,  except  for  the  MBfR  sparge  and  filter 
backwash  samples,  where  composites  were  collected  (Appendix  D).  Test  America  (Irvine,  CA) 
performed  the  off-site  laboratory  analysis  and  was  certified  by  the  California  Environmental 
Laboratory  Accreditation  Program.  Sulfide,  nitrate,  nitrite,  DO,  and  chlorine  residual  were 
measured  in  the  field  using  test  kits.  Temperature,  ORP,  turbidity,  and  pH  were  measured  using 
hand-held  probes.  On-line  monitoring  data  were  also  collected  continuously  through  the  OIT  for 
nitrate,  pH,  ORP,  and  temperature.  The  sampling  frequency  varied  between  once  a  week  to  three 
times  a  week  depending  on  the  parameter  and  phase  of  the  Demonstration. 
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5.6.2  Sample  Collection 


Sample  bottle  size,  type,  and  preservative  are  shown  in  Table  5.10.  Sample  bottles  were 
completely  filled,  capped  with  no  headspace,  and  stored  in  an  on-site  refrigerator  or  coolers  at 
less  than  4°C  after  collection.  Coolers  were  kept  out  of  direct  sunlight  as  much  as  possible.  A 
chain-of-custody  (COC)  fonn,  sealed  in  a  plastic  bag  to  protect  it  from  water,  was  placed  inside 
the  cooler.  Samples  were  submitted  to  the  laboratory  within  one  day  of  sampling.  The  QAPP 
provides  a  more  in-depth  discussion  of  sample  documentation  procedures.  For  on-site  water 
quality  analysis,  probes  and  field  test-kits  were  used.  Field  monitoring  equipment  were  calibrated 
at  the  beginning  of  each  field  day  and  recorded  on  the  field  log  (Appendix  B).  For  the  off-site 
laboratory  analysis,  the  selected  methods  represented  standard  USEPA  procedures  or 
modifications  of  these  procedures  for  the  analytes  of  concern. 


Table  5.9  Sample  Collection  Frequency 


Analyte 

Samples/Week 

Location 

Start-Up 

Optimization 

Steady  State 

Laboratory  Analyses 

Perchlorate 

3 

3 

3 

Influent 

6 

6 

6 

MBfR 

3 

3 

Finished  Water 

Perchlorate 

(Confirmatory) 

1 

Influent 

2 

4 

1 

MBfR 

1 

Finished  Water 

Nitrate  and 
Nitrite 

1 

1 

1 

Influent 

2 

2 

2 

MBfR 

1 

Finished  Water 

TCE,  cis-1,2- 
DCE,  and  VC 

1 

1 

1 

Influent 

2 

2 

2 

MBfR 

1 

1 

1 

Post  MBfR 

TSS 

1* 

1* 

1* 

MBfR  Sparge 

2 

2 

2 

Post  MBfR 

1* 

1* 

1* 

Media  Filter  Backwash 

TON 

3 

Finished  Water 

Fecal/Total 
Coliforms,  E. 
coli,  HPCs 

1 

1 

1 

MBfR 

2 

2 

2 

Post  MBfR 

1 

1 

1 

Finished  Water 

DOC 

1 

1 

1 

Influent 

1 

1 

1 

MBfR 

2 

2 

2 

Post  MBfR 

1 

1 

1 

Finished  Water 

HAAs 

1 

Influent 

1 

1 

3 

Finished  Water 

THM-FP 

3 

Finished  Water 
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Analyte 

Samples/Week 

Location 

Start-Up 

Optimization 

Steady  State 

THMs 

1 

1 

2 

Finished  Water 

Nitrosamines 

1 

Finished  Water 

Sulfate 

1 

1 

1 

Influent 

Total  Sulfide 

1 

1 

1 

MBfR 

1 

1 

Post  MBfR 

1 

1 

Finished  Water 

Alkalinity 

1 

1 

1 

Influent 

2 

2 

2 

MBfR 

TDS 

1 

1 

1 

Influent 

2 

2 

2 

MBfR 

Phosphate 

1 

Influent 

Ammonia 

1 

1 

1 

Influent 

1 

1 

1 

MBfR 

Hardness 

1 

1 

1 

Influent 

2 

2 

2 

MBfR 

Field  Analyses 

Nitrate  and 
Nitrite 

3 

3 

3 

Influent 

6 

6 

6 

MBfR 

3 

3 

3 

Finished  Water 

Sulfide 

3 

3 

3 

Influent 

6 

6 

6 

MBfR 

3 

3 

3 

Post  MBfR 

3 

3 

3 

Finished  Water 

Turbidity 

3 

3 

3 

Influent 

1* 

1* 

1* 

MBfR  Sparge 

6 

6 

6 

Post  MBfR 

1* 

1* 

1* 

Media  Filter  Backwash 

3 

3 

3 

Finished  Water 

pH, 

Temperature, 
ORP,  DO 

3 

3 

3 

Influent 

6 

6 

6 

MBfR  Sparge 

6 

6 

6 

Post  MBfR 

3 

3 

3 

Finished  Water 

Chlorine 

3 

3 

3 

Finished  Water 

*  Samples  were  collected  approximately  once  per  week. 

Notes:  Additional  samples  were  collected  for  specific  monitoring  and  permit  compliance  purposes. 
MBfR  includes  MBfR  lead  and  lag  effluent.  Post  MBfR  includes  the  aeration  tank  and  media  filter. 
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Table  5.10  Analytical  Methods 


Analyte 

Bottle 

Preservative 

Holding 

Time 

Method 

Type 

PQL 

Perchlorate 

500  mL  poly 

4°C 

28  d 

EPA  314.0 

Lab 

4  pg/L 

Perchlorate  (Confirmatory) 

125  mL  sterile  poly 

4°C 

28  d 

EPA  332.0 

Lab 

0.2  pg/L 

Chlorite/chlorate 

125  mL  brown  poly 

4°C,  EDA 

14  d 

EPA  300.1 

Lab 

10  pg/L 

Nitrate 

500  mL  poly 

4°C 

48  h 

EPA  300.0 

Lab 

0.1  mg-N/L 

Nitrite 

500  mL  poly 

4°C 

48  h 

EPA  300.0 

Lab 

0.1  mg-N/L 

Turbidity 

1  L  poly 

4°C 

24  h 

EPA  180.1 

Lab 

1  NTU 

TSS 

500  mL  poly 

4°C 

7  d 

SM  2540D 

Lab 

10  mg/L 

TON 

500  mL  glass 

4°C 

24  h 

SM  140.1 

Lab 

NA 

Fecal  Coliforms 

100  mL  sterile  poly 

4°C,  Na2S203 

6  h 

SM  922 IE 

Lab 

1/100  mL 

Total  Colifonns 

SM  922 IB 

Lab 

1/100  mL 

HPC 

100  mL  sterile  poly 

4°C 

24  h 

SM  9215 

Lab 

1/mL 

DOC 

250  mL  glass 

4°C 

28  d 

SM  53 10C 

Lab 

0.2  pg/L 

TCE,  cis-1,2  dichloroethene 
(cis-1,2  DCE),  vinyl 
chloride  (VC) 

3x40  mL  VO  As 

HC1,  4°C 

14  d 

EPA  8260B 

Lab 

1  pg/L 

VOCs 

3x40  mL  VO  As 

HC1,  4°C 

14  d 

EPA  8260B 

Lab 

Varies 

THMs 

2x40  mL  VO  As 

4°C,  Na2S203 

14  d 

EPA  524.2 

Lab 

1  pg/L 

Sulfate 

500  mL  poly 

4°C 

28  d 

EPA  300.0 

Lab 

0.5  mg/L 

Total  Sulfide 

500  mL  poly 

ZnAc2  &  NaOH 

7  d 

SM  4500-S-C,D 

Lab 

0.1  mg/L 

Alkalinity 

500  mL  poly 

4°C 

14  d 

SM  2320B 

Lab 

10  mg/L 

Total  dissolved  solids 
(TDS) 

500  mL  poly 

4°C 

7  d 

SM  2540C 

Lab 

10  mg/L 

HAAs 

3x60  mL  VO  As 

4°C,  NH4C1, 
agitate  for  1  min 

14  d 

EPA  552.2 

Lab 

1  pg/L 

Ethylene  Dibromide 

3x40  mL  VO  As 

4°C,  Na2S203 

14  d 

EPA  504 

Lab 

0.02  pg/L 

Chloride 

500  mL  poly 

4°C 

28  d 

EPA  300.0 

Lab 

0.5  mg/L 

Phosphate 

500  mL  poly 

4°C 

48  h 

EPA  300.0 

Lab 

Ammonia 

500  mL  poly 

4°C,  H2S04 

28  d 

SM  4500NH3-D 

wsa 

Hardness 

500  mL  poly 

4°C,  HN03 

180  d 

SM  2340B 

Lab 

10  mg/L 
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Holding 

Analyte 

Bottle 

Preservative 

Time 

Method 

Type 

PQL 

DBP-FP 

500  mL  glass 

4°C 

14  d 

SM  5710B/EPA  524.2 

Lab 

0.5  pg/L 

Nitrosamines 

500  mL  poly 

4°C 

7  d 

EPA  3520C/1625 

Lab 

75  ng/L 

Sulfide 

NA 

NA 

NA 

Chemetrics  test  kit  K- 
9510 

Field 

0.05  mg/L 

Nitrate 

NA 

NA 

NA 

Chemetrics  test  kit  K- 
6905 

Field 

0.1  mg-N/L 

Nitrite 

NA 

NA 

NA 

Chemetrics  test  kit  K- 
7002 

Field 

0.025  mg-N/L 

DO 

NA 

NA 

NA 

Chemetrics  test  kit  K- 
7512  (high) 
K-7501  (low) 

Field 

1  mg/L  -  high, 
0.025  mg/L  - 
low 

Chlorine 

NA 

NA 

NA 

Chemetrics  test  kit  K- 
2504 

Field 

0.1  mg/L 

Phosphate 

NA 

NA 

NA 

Chemetrics  test  kit 
K-8510 

Field 

0.05  mg/L 

pH,  temperature,  ORP 

NA 

NA 

NA 

Oakton  pH  6+  pH 
probe 

Field 

0.01  SU,  0.1°C, 

1  mV 

Turbidity 

NA 

NA 

NA 

EPA  Method  180.1, 
Hach  2100  N  and 

2 100P  Turbidimeter 

Field 

0.01  NTU 

Note:  Standard  Methods  followed  (APHA  1998). 

EDA  -  ethylenediamine  Na2S203  -  sodium  thiosulfate 

HC1  -  hydrochloric  acid  NH4C1  -  ammonium  chloride 

H2S04  -  sulfuric  acid  ZnAc2  -  zinc  acetate 

HNO3-  nitric  acid 
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Challenge  phase  testing  involved  intentionally  creating  an  upset  condition  and  monitoring 
system  perfonnance  after  the  upset.  Upset  conditions  included  shutting  off  either  hydrogen  or  the 
entire  system  for  a  period  of  either  4  or  24  hours.  Grab  samples  of  the  finished  water  were 
collected  for  perchlorate,  nitrate,  and  nitrite  before  the  upset,  then  hourly  for  10  hours. 

5.7  SAMPLING  RESULTS 

This  section  summarizes  the  results  of  the  Demonstration.  See  Appendix  F  for  the  laboratory 
analytical  data  results  and  Appendix  G  for  raw  online  monitoring  data. 

5.7.1  Start-Up 

The  purpose  of  Start-Up  was  to  develop  a  biofilm  on  the  membranes  and  demonstrate  removal  of 
perchlorate  and  nitrate.  Start-Up  lasted  from  day  0  to  day  112.  Success  during  Start-Up  was 
assessed  by  visual  inspection  of  the  14  membrane  modules  for  biomass  development,  when 
perchlorate  was  below  4  pg/L,  and  when  nitrate  was  below  0.5  mg-N/L.  The  system  was  initially 
operated  at  5  gpm,  and  the  MBfR  effluent  perchlorate  concentrations  were  4.5  pg/L  and  nitrate 
was  0.25  mg-N/L  by  day  8  (Figure  5.10b  and  Figure  5.11b).  The  flow  rate  was  steadily  increased 
and  effluent  perchlorate  and  nitrate  concentrations  increased.  The  phosphate  amendment  system 
provided  inconsistent  delivery  of  nutrient  until  day  53,  as  the  process  was  being  optimized. 
Shortly  thereafter,  perchlorate  and  nitrate  concentrations  began  to  decrease  while  the  influent 
flow  rate  was  held  constant  at  12  gpm.  Perchlorate  was  reduced  from  140  to  11  pg/L  (Figure 
5.10a),  and  nitrate  decreased  from  49  mg-N/L  to  0.25  mg-N/L  (Figure  5.11a)  within  a  week  after 
the  phosphate  amendment  system  was  fixed.  The  flow  rate  was  steadily  increased  again  and  the 
system  initially  responded  with  higher  effluent  perchlorate  concentrations  but  stabilized  at 
approximately  10  pg/L  within  a  few  weeks,  even  when  flow  rates  were  increased  to  22  gpm. 
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Figure  5.10  Start-Up  Perchlorate  and  Phosphate  Dose  (a)  and  Influent  Flow  Rate  (b) 
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Figure  5.11  Start-Up  Total  Nitrogen  and  Phosphate  Dose  (a)  and 

Influent  Flow  Rate  (b) 
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Disinfectant  Dose  Assessment 

Chlorine  dose  was  determined  based  on  CT  requirements  for  a  4-log  reduction  for  virus  removal. 
The  “C”  value  represents  the  concentration  of  the  disinfectant  (free  chlorine  in  this  case).  The 
“T”  value  of  the  CT  calculation  represents  the  hydraulic  residence  time  of  the  finished  water  tank 
multiplied  by  a  baffling  factor.  A  maximum  flow  of  5  gpm  and  a  baffling  factor  of  0.1 
(unbaffled)  were  used  to  develop  a  worst  case  “T”  value  of  20  minutes  in  the  1,000-gallon 
finished  water  tank.  CT  requirements  were  determined  using  the  worst  case  scenario  of  a  pH  of  8 
SU  and  a  water  temperature  of  15°C  (USEPA  2003).  Under  these  worst-case  conditions,  a 
minimum  of  0.2  mg/L  chlorine  residual  was  required  in  finished  water  for  a  4-log  inactivation 
(CT  requirement  of  4  mg-min/L).  As  the  influent  flow  rate  varied,  the  “T”  value  was  adjusted 
accordingly  resulting  in  different  required  “C”  values.  The  chlorine  dose  was  adjusted  as  needed 
to  maintain  the  minimum  required  CT  throughout  the  Demonstration.  For  example,  at  the 
maximum  flow  of  22  gpm,  the  chlorine  residual  needed  to  meet  CT  requirements  was  0.9  mg/L. 

On  day  49  samples  from  the  finished  water  tank  were  collected  to  detennine  the  chlorine  demand 
after  contact  times  of  1,  5,  60,  140,  and  160  minutes.  The  demand  after  one  minute  was  0.8 
mg/L,  while  all  contact  times  of  5  minutes  or  greater  were  5.7  mg/L.  The  hydraulic  residence 
time  in  the  finished  water  tank  varied  depending  on  the  flow  rate  from  45  minutes  to  3  hours. 
Variations  in  water  quality  including  temperature  and  concentrations  of  DOC,  sulfate,  sulfide, 
and  turbidity  can  affect  the  actual  chlorine  demand  at  any  particular  point  in  time.  As  such,  the 
chlorine  residual  was  monitored  at  the  finished  water  effluent  three  times  per  week. 

Tracer  Test 

A  tracer  test  was  used  on  the  lag  MBfR  to  determine  the  residence  time  and  flow  dispersion.  The 
test  was  conducted  on  day  109  using  a  concentrated  salt  solution.  The  influent  flow  rate  was 
18  gpm  and  the  approximate  volume  of  water  in  the  lag  reactor  was  270  gallons.  The  MBfR  lab 
effluent  conductivity  readings  increased  immediately  after  addition  of  the  salt  pulse  and  was 
back  to  baseline  conditions  approximately  90  minutes  later  (Figure  5.12).  The  recycle  flow  rate 
was  209  gpm,  which  was  much  greater  than  the  feed  flow  rate  of  18  gpm  and  effectively  made 
the  MBfR  a  continuous  stirred  tank  reactor  (CSTR).  The  actual  average  hydraulic  residence  time 
was  19  minutes,  compared  to  a  theoretical  hydraulic  residence  time  of  15  minutes  if  only 
advection  is  considered.  The  conductivity  curve  had  a  long  tail  at  the  end  indicative  of  high 
dispersion,  consistent  with  CSTR  behavior.  The  Peclet  number  measures  the  ratio  of  the  mass 
fluxes  caused  by  advection  and  diffusion  and  provides  an  indication  of  the  relative  importance  of 
each.  The  Peclet  was  calculated  as  1.48  indicating  that  dispersion  strongly  impacted  mass 
transport.  Plug  flow  (no  dispersion)  would  have  a  very  high  Peclet  number,  whereas  systems 
with  a  Peclet  number  of  5  or  less  are  considered  to  have  a  large  amount  of  dispersion  (Levenspiel 
1962).  System  bypass  was  identified  in  several  modules  at  the  O-ring  connection  between  the 
module  and  the  water  distribution  header.  Bypass  may  have  further  contributed  to  dispersion 
observed  in  the  MBfR.  The  O-ring  was  replaced  with  a  screw  connection  on  day  146,  which 
eliminated  the  bypass  problem. 
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5.7.2  Optimization 

System  optimization  lasted  from  day  113  to  230.  The  purpose  of  this  phase  was  to  identify 
optimal  operating  conditions  to  enhance  perfonnance  of  the  MBfR.  A  range  of  conditions  were 
systematically  evaluated  including  altering  influent  flow  rates  and  thus  electron  acceptor  loading, 
MBfR  vessel  recycle  flow  rates  to  alter  mass  transfer  rates,  hydrogen  pressure  to  alter  electron 
donor  delivery  capacity,  sparge  frequencies,  and  sparge  gases  (i.e.,  use  of  nitrogen  gas  compared 
to  compressed  air).  This  provided  a  comprehensive  dataset  to  evaluate  relationships  between 
controlling  parameters  and  performance.  Several  system  upsets  occurred  between  days  113  and 
127,  and  a  few  modules  failed  due  to  delamination  of  the  epoxy  head  from  the  reactor  core 
(Table  5.7).  These  failures  were  attributable  to  the  manufacturing  process  that  has  since  been 
rectified.  The  recycle  flow  rate  in  each  reactor  was  subsequently  reduced  proportionally  to  the 
reduction  in  the  number  of  membrane  modules  to  maintain  a  constant  water  velocity  in  each 
module.  The  first  two  module  failures  occurred  on  day  150;  these  modules  were  removed  and  the 
membranes  were  inspected.  Figure  5.13  shows  the  surface  of  the  membrane  sheets,  which  line 
the  reactor  interior.  Samples  of  the  membrane  were  sent  to  ASU  for  analysis  and  are  referred  in 
their  report  as  shipment  number  3  (Rittmann  et  al.  2013).  Biomass  was  evenly  distributed  and 
was  not  overly  reduced  (overly  reduced  biomass  appears  dark  brown  or  black  in  color).  These 
observations  contrast  to  the  previous  Demonstration  conducted  at  EVWD  where  dark  patches  of 
overly  reduced  biomass  were  observed.  This  difference  indicates  the  module  design  changes 
between  the  EVWD  and  WVWD  Demonstrations  were  successful  with  respect  to  improving 
control  of  biofilm  growth. 
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Figure  5.13  Autopsy  of  MBfR  Reactor  Modules 


Figures  5.14  and  5.15  show  an  overview  of  perchlorate  and  total  nitrogen  concentrations  in  the 
system  influent,  effluent  of  the  lead  reactor,  and  effluent  of  the  lag  reactor  under  a  range  of 
influent  flow  rates,  recycle  flow  rates,  and  hydrogen  pressures.  Influent  flow  rates  were  varied 
between  5  and  20  gpm,  recycle  flow  rates  varied  between  100  and  280  gpm,  and  the  hydrogen 
pressure  ranged  from  11  to  28  psi.  Optimization  included  a  series  of  short-duration  tests  to 
systematically  evaluate  impacts  of  a  single  operational  change.  However,  several  upset 
conditions  occurred  during  this  time  frame  (see  Table  5.7),  and  in  an  effort  to  find  optimal 
conditions,  several  parameters  were  altered  simultaneously.  The  short-duration  tests  are 
discussed  in  detail  below  to  demonstrate  the  impact  of  two-stage  (e.g.  lead/lag)  compared  to 
single-stage  operations  and  varying  influent  flow  rate,  recycle  flow  rate,  hydrogen  pressure, 
sparge  frequency,  and  use  of  nitrogen  gas  compared  to  compressed  air  for  sparging. 

On  days  143  and  144  the  system  was  operated  with  only  one  vessel  to  determine  whether  single- 
single-stage  treatment  would  suffice.  Prior  to  this  time,  the  two-stage  system  was  operated  at  10 
gpm.  On  day  143  MBfR2,  which  had  previously  been  in  the  lead  position,  was  operated  at  5  gpm 
and  MBfRl  was  taken  off-line.  The  recycle  flow  rate  in  MBfR2  was  280  gpm  and  the  hydrogen 
pressure  was  13  psi.  Influent  perchlorate  was  180  qg/L  and  total  nitrogen  was  9.7  mg-N/L;  the 
MBfR  effluent  perchlorate  was  13  qg/L  and  total  nitrogen  was  0.59  mg-N/L.  While  these  values 
do  not  meet  the  performance  objective  for  nitrate  or  perchlorate,  a  large  percentage  (93  percent 
for  perchlorate  and  94  percent  for  nitrate)  was  removed.  Table  5.11  shows  two-stage  data  under 
similar  operating  conditions  for  comparison  on  day  139.  The  influent  perchlorate  was  170  qg/L 
and  lag  effluent  was  13  qg/L.  Online  nitrate  readings  were  8  mg-N/L  at  the  influent  and  0.54  mg- 
N/L  in  the  lag  reactor.  While  the  perchlorate  and  nitrate  loading  during  single-stage  operations 
on  day  143  were  slightly  higher  than  two-stage  on  day  139,  the  system  was  operating  under 
similar  conditions.  The  performance  in  removal  of  perchlorate  and  nitrate  (measured  in  terms  of 
removal  normalized  to  membrane  area)  was  similar  regardless  of  whether  the  system  operated  as 
single-  or  dual  -stage  indicating  little  benefit  of  two-stage  operation. 
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Note:  Flow  rates  are  24-hour  moving  averages.  R1  and  R2  switched  between  lead  and  lag  positions 
during  optimization. 

Figure  5.14  Optimization  Perchlorate  and  Influent  Flow  (a)  and  Recycle  Flow  (b) 
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Note:  Flow  rates  are  24-hour  moving  averages.  R1  and  R2  switched  between  lead  and  lag  positions  during 
optimization. 


Figure  5.15  Optimization  Total  Nitrogen  and  Influent  Flow  (a)  and  Recycle  Flow  (b) 


Single-stage  and  dual-stage  operation  did  not  promote  complete  perchlorate  reduction.  The 
nitrate-plus-oxygen  flux  reported  in  terms  of  stoichiometric  hydrogen  demand  during  single- 
stage  operation  was  0.12  g-TL/m  -d.  Laboratory  and  modeling  studies  conducted  by  ASU  (see 
Section  5.3)  indicated  that  complete  perchlorate  reduction  without  sulfate  reduction  should  be 
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2 

expected  at  a  nitrate-plus-oxygen  flux  of  0.18  g-HVnr-d  which  is  similar  to  the  value  reported 
above.  Therefore,  other  differences  between  the  laboratory  and  pilot-scale  systems  may  have 
affected  complete  perchlorate  reduction.  These  differences  are  discussed  below  and  include 
external  mass  transfer  resistance  and  excess  hydrogen  delivery. 


Table  5.11  Comparison  of  Two-Stage  and  Single-Stage  Operation 


Parameter 

Two-Stage 
(Day  139) 

Single  Stage 
(Days  143,144) 

Influent  flow  rate  (gpm) 

10 

5 

Recycle  Flow  Rate  (gpm) 

280 

280 

Hydrogen  Pressure  (psi) 

MBfRl  -  13  (lead) 
MBfR2-  15 

13 

Membrane  Surface  area  (nr) 

2,000 

1,000 

Perchlorate  Foading  (mg/nP-d) 

4.63 

4.91 

Nitrate  Foading  (mg-N/m"-d) 

218 

264 

Perchlorate  Removal  Flux 
(mg/m2-d) 

4.28 

4.55 

Nitrate+Nitrite  Removal  Flux 
(mg-N/m2-d) 

203 

248 

The  effect  of  influent  flow  rate  was  evaluated  for  flows  of  10,  15,  and  20  gpm  on  days  127  to 
141.  Effluent  perchlorate  was,  on  average,  8.5  ng/L  while  operating  at  10  gpm,  17.9  |ig/L  at  15 
gpm,  and  27  ng/L  at  20  gpm.  Recycle  flow  rates  were  at  a  maximum  of  280  gpm  in  both  vessels, 
and  the  hydrogen  pressure  was  altered  to  keep  the  ratio  of  electron  donor  delivery  to  acceptor 
loading  consistent.  A  batch  test  was  conducted  on  day  141  (discussed  below)  and  demonstrated 
that  perchlorate  reduction  to  less  than  the  performance  objective  of  6  |_rg/L  was  possible  although 
sulfate  was  reduced  to  sulfide.  The  combined  results  of  the  varying  influent  flow  rate  tests  and 
the  batch  tests  indicated  that  attainment  of  perchlorate  performance  objectives  was  possible  if  the 
system  was  given  a  long  enough  residence  time.  Flow  rate  was  systematically  tested  again  on 
days  208  to  230  with  flows  of  10,  8,  and  6  gpm  (Figure  5.16).  Influent  perchlorate  was 
approximately  160  |ig/L  while  the  average  lag  effluent  at  10  gpm  was  1 1.7  |ig/L,  8  gpm  was  1 1.4 
|ig/F,  and  6  gpm  was  9  |ig/F.  At  these  flow  rates,  total  nitrogen  (nitrate+nitrite)  was  consistently 
below  0.5  mg-N/F.  Total  nitrogen  was  attained  below  0.5  mg-N/F  when  flows  were  as  high  as 
15  gpm.  However,  optimization  tests  were  focused  on  meeting  both  perchlorate  and  nitrate 
treatment  objectives.  The  flow  rate  to  be  used  for  Steady  State  was  determined  to  be  6  gpm  based 
on  these  results. 
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Figure  5.16  Effect  of  Influent  Flow  Rate  on  Perchlorate  Removal 


While  operating  conditions  were  varied  during  Optimization,  perchlorate  was  not  able  to  attain 
less  than  6  |ag/L  in  the  lag  effluent.  Initial  batch  tests  were  conducted  on  day  141  to  determine 
whether  perchlorate  concentrations  could  meet  the  performance  objective  of  6  |ig/L  or  whether 
some  inhibitory  conditions  (microbial  or  other)  were  present  that  were  hindering  performance 
(Figure  5.17,  method  details  in  Appendix  D).  Perchlorate  was  removed  to  less  than  0.5  |ig/L  and 
total  nitrogen  (the  sum  of  nitrate  and  nitrite)  was  removed  to  below  detection  in  MBfRl  and 
MBfR2.  Removal  of  perchlorate  to  concentrations  below  the  performance  objective  began  at  the 
same  time  the  sulfate  reduction  began,  and  nitrate  was  completely  removed.  These  results  agree 
with  previous  research  which  demonstrated  a  clear  hydrogen  utilization  preference:  oxygen, 
followed  by  nitrate,  nitrite,  and  then  perchlorate  (Ziv-El  and  Rittmann  2009).  The  results  also 
demonstrate  that  complete  removal  of  in  the  two-stage  MBfR  perchlorate  was  possible. 


Recycle  flow  rates  were  systematically  evaluated  by  conducting  a  second  series  of  batch  tests  on 
days  200  and  202  for  MBfR  2  and  1,  respectively.  The  tests  showed  that  perchlorate  and  nitrate 
reduction  occurred  at  a  faster  rate  for  higher  recycle  flow  rates  (Figures  5.18  and  5.19).  The 
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recycle  flow  rates  were  slightly  higher  in  MBfR2  than  MBfRl  because  MBfR2  had  more 
membrane  surface  area  with  6  modules  rather  than  4  modules  in  MBfRl.  The  flow  rates  were 
selected  to  provide  similar  conditions  for  mass  transfer.  While  the  highest  recycle  flow  rate  of 
200  gpm  in  MBfRl  had  the  fastest  rate  of  degradation,  sulfide  generation  was  also  higher  in  this 
vessel,  with  as  high  as  2  mg/L  after  50  minutes.  Sulfate  reduction  also  occurred  in  MBfR2,  with 
1.2,  2.4  and  2.3  mg/L  sulfide  at  180,  120  and  90  gpm,  respectively  after  approximately  40 
minutes  (not  shown).  Similar  to  the  preliminary  batch  test  findings,  sulfide  generation  began 
occurring  after  the  nitrate  concentration  was  below  detection  (<0.5  mg-N/L)  and  as  perchlorate 
concentrations  were  below  20  qg/L.  There  appeared  to  be  overlap  between  perchlorate-  and 
sulfate-reduction. 

First-order  rate  constants  were  calculated  for  perchlorate  and  nitrate  reduction  at  various  recycle 
flow  rates  (Table  5.12).  While  the  first-order  rate  constants  for  nitrate  reduction  were  similar 
between  MBfRl  and  MBfR2,  the  rate  constant  for  perchlorate  was  more  than  double  in  MBfR2 
at  higher  recycle  flow  rates.  These  data  indicate  the  liquid-phase  mass  transfer  resistance  was 
controlling  the  rate  of  perchlorate  reduction  The  first-order  rate  constants  for  a  recycle  flow  rate 
of  60  gpm  in  MBfR2  appeared  to  be  an  outlier,  compared  to  the  overall  trend  of  increasing  rate 
constants  with  increasing  recycle  flow  rates.  We  hypothesize  that  the  90-gpm  sample  and  60- 
gpm  sample  were  likely  switched  in  the  field. 
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Figure  5.18  MBfRl  Batch  Test  with  Varying  Recycle  Ratios 
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Note:  Open  symbols  show  last  data  point  included  in  first-order  rate  constant  regression 

Figure  5.19  MBfR2  Batch  Test  with  Varying  Recycle  Ratios 


Table  5.12  Batch  Test  First-Order  Rate  Constants 


MBfRl 

MBfR2 

Recycle 
Flow  (gpm) 

Perchlorate 

(1/s) 

Nitrate+Nitrite 

(1/s) 

Recycle 
Flow  (gpm) 

Perchlorate 

(1/s) 

Nitrate+Nitrite 

(1/s) 

200 

4.7 

7.4 

180 

11 

7.1 

150 

4.1 

6.5 

120 

10 

6.1 

100 

3.6 

5.7 

90 

3.2 

5.5 

50 

2.7 

4.6 

60 

7.3 

7.3 

The  final  parameter  varied  during  Optimization  was  sparge  gas  type  and  sparging  frequency. 
Sparging  with  compressed  air  rather  than  nitrogen  had  no  impact  on  performance  for  removal  of 
nitrate  or  perchlorate  (Figures  5.14  and  5.15).  Effluent  perchlorate  concentrations  were  below 
10  ug/L  when  sparging  was  conducted  with  nitrogen  or  with  compressed  air  between  days  190 
and  205  (Figure  5.14).  The  frequency  of  sparging  was  varied  from  every  48  hours  to  every  4 
hours.  On  days  156  to  162,  flow  rates  and  hydrogen  pressures  were  constant  while  the  sparge 
frequency  was  varied  (Figure  5.20).  The  average  lead  and  lag  reactor  effluent  nitrate 
concentrations  were  2.5  and  0.24  mg-N/L,  respectively  when  sparging  every  12  hours.  This  was 
similar  to  when  the  sparge  frequency  was  every  24  hours,  with  2.7  and  0.1 1  mg-N/L  in  the  lead 
and  lag  vessel,  respectively.  On  days  183  to  199,  other  conditions  were  held  constant  and  the 
sparge  frequency  was  varied.  The  average  lead  and  lag  reactor  effluent  nitrate  concentrations 
were  1.6  and  0.44  mg-N/L,  respectively  when  sparged  at  12-hour  intervals.  Concentrations  were 
similar  at  a  sparge  frequency  of  every  4  hours  at  1.7  and  0.35  mg-N/L.  In  summary,  the  sparge 
frequency  had  little  impact  on  effluent  concentrations  of  nitrate  in  the  range  of  every  4  hours  to 
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every  24  hours.  Therefore,  the  sparging  frequency  for  Steady  State  was  set  at  12  hours  to 
minimize  system  down  time  without  compromising  performance. 


Figure  5.20  Effect  of  Sparge  Frequency  on  Nitrate  Performance 


5.7.3  Steady  State 

The  Steady  State  phase  lasted  from  day  230  to  258.  Operations  were  held  constant  using  the 
optimal  conditions  identified  during  Optimization  (Table  5.13).  Flow  rate  was  set  at  6  gpm  to 
increase  the  hydraulic  residence  time  and  promote  greater  perchlorate  reduction.  Phosphate  was 
dosed  to  attain  an  influent  concentration  of  0.5  mg/L.  Hydrogen  was  fed  to  the  MBfR  at  a  rate  of 
0.05  SCF/gallon  of  water  treated  and  carbon  dioxide  at  a  rate  of  0.002  SCF/gallon  of  water 
treated.  Module  sparging  occurred  every  24  hours  using  nitrogen.  An  aluminum  chlorohydrate 
coagulant  was  added  as  a  filter  aid  at  a  dose  of  0. 1  g/min  prior  to  filtration.  After  media  filtration, 
sodium  hypochlorite  was  added  as  a  disinfectant  to  achieve  0.2  mg/L  residual  chlorine  at  the 
effluent  of  the  finished  water  tank. 

The  system  was  online  approximately  98  percent  of  the  time  which  met  the  perfonnance 
objective  of  greater  than  95  percent  uptime.  However,  on  days  250,  251,  and  252  (January  3,  4, 
and  5,  2012)  the  system  was  temporarily  shut  down  due  to  false  triggering  of  high-level  sensors 
in  the  secondary  containment  and  in  Reactor  2.  The  sensors  were  tripped  each  day  by  abnormally 
high  winds  (the  Santa  Ana  winds).  This  was  not  included  as  down  time  because  the  trigger  was 
not  associated  with  normal  operating  conditions. 


Table  5.13  Steady  State  Operating  Parameters 


Parameter 

Value/Set  Point 

Influent  Flow  Rate 

6  gpm 

Influent  Oxygen 

8.7  mg/L 

Influent  Nitrate 

8.6  mg-N/L 

Influent  Perchlorate 

154  pg/L 

Oxygen  Loading 

248  mg  02/nr-d 
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Parameter 

Value/Set  Point 

Nitrate  Loading 

246  mg-N/m  -d 

Perchlorate  Loading 

4.41  mg  C104/nr-d 

Sparge  Frequency 

12  hours 

Recycle  Flow  Rate 

R1  -  150  gpm 

R2  -  120  gpm 

Hydrogen  Pressure 

Rl-  16.5  psi 

R2  -  16.5  psi 

Perchlorate  and  nitrate  removal  during  Steady  State  was  consistent  over  time  (Figure  5.21). 
Perchlorate  was  reduced  from  an  average  of  154±5  |_ig/L  to  an  average  of  9.2±2.3  pg/L  in  the 
effluent  of  the  lag  reactor  during  Steady  State  (94.4  percent  reduction).  While  perchlorate  was 
above  the  treatment  objective  of  6  pg/L,  nitrate  met  the  treatment  objective  of  0.5  mg/L  in  the 
effluent.  Nitrate  +  nitrite  were  reduced  from  an  influent  average  concentration  of  9.0  mg-N/L  to 
an  average  of  0. 12±0.07  mg-N/L  at  the  MBfR  lag  effluent  (98.3  percent  reduction). 
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Figure  5.21  Steady  State  MBfR  Perchlorate  and  Flow  Rate  (a)  and 

Total  Nitrate+Nitrite  (b) 


Hydrogen  demand  was  calculated  based  on  theoretical  stoichiometric  requirements  for 
conversion  of  oxygen  to  water,  nitrate  to  nitrogen  gas,  and  perchlorate  to  chloride.  Hydrogen  was 
also  consumed  for  sulfate  reduction,  but  this  was  only  five  percent  of  the  total  stoichiometric 
demand  and  was  not  included  in  the  calculation.  The  lag  reactor  effluent  sulfide  concentration 
was  on  average  1  mg/L,  which  is  equivalent  to  3  mg/L  sulfate  consumption.  For  an  influent  flow 
rate  of  6  gpm,  the  hydrogen  demand  was  0.51  SCFH  for  oxygen,  1.89  SCFH  for  nitrate,  and  0.02 
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SCFH  for  perchlorate.  On  average  29.6%  of  the  hydrogen  fed  to  the  lead  reactor  was  biologically 
consumed  based  on  stoichiometric  demand  (determined  by  calculation),  24.9%  was  used  during 
intentional  membrane  fiber  flushing  to  eliminate  water  vapor  condensation  and  accumulation  of 
inert  gases  such  as  nitrogen  (measured),  and  45.4  percent  was  excess  (calculated  by  subtracting 
stoichiometric  demand  and  fiber  flush  flow  from  total  flow)  (Figure  5.22).  In  the  lag  reactor,  6.6 
percent  of  the  hydrogen  was  used  for  stoichiometric  demand  (primarily  for  removal  of  residual 
nitrate  and  perchlorate),  26.8  percent  for  membrane  fiber  flushing,  and  66.5  percent  was  excess. 
The  lead  reactor  had  higher  hydrogen  use  than  the  lag  reactor  because  of  greater  influent 
concentrations  of  oxygen  and  nitrate.  Since  the  lead  and  lag  reactors  switched  positions  between 
vessels  periodically,  the  hydrogen  demand  associated  with  either  MBfRl  or  MBfR2  varied 
depending  on  position.  The  system  operated  with  excess  hydrogen  in  an  attempt  to  achieve 
complete  perchlorate  reduction.  This  excess  may  have  been  one  of  the  reasons  that  sulfate- 
reducing  bacteria  outcompeted  perchlorate-reducing  bacteria  and  prevented  complete  perchlorate 
reduction. 
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Figure  5.22  Steady  State  Stoichiometric  Hydrogen  Demand,  Hydrogen  for  Membrane 

Fiber  Flushing,  and  Excess  Hydrogen 


Carbon  dioxide  was  used  for  pH  control  and  as  a  carbon  source  for  autotrophic  cell  synthesis. 
The  influent  pH  was  on  average  7.52±0.1 1  SU  and  additional  alkalinity  was  generated  from  the 
reduction  reactions,  particularly  denitrification.  The  set  point  for  both  reactors  was  7.2  SU,  and 
pH  adjustment  between  7.5  and  7.2  SU  accounted  for  the  largest  portion  of  carbon  dioxide 
demand  (62±0.1  percent).  Approximately  30.5±0.1  percent  of  the  carbon  dioxide  demand  was 
used  for  alkalinity  generated  during  reduction  of  oxygen,  perchlorate,  nitrate,  and  sulfate 
following  the  stoichiometry  discussed  in  Section  2.1  (Stumm  and  Morgan  1996).  Only  a  small 
fraction  of  the  total  carbon  dioxide  needed  was  associated  with  cell  synthesis,  approximately 
7.0±0.2  percent.  Approximately  9,000  L  of  carbon  dioxide  were  used  during  the  one-month 
Steady  State  period.  Of  this  flow,  approximately  5,300  L  were  used  for  pH  adjustment,  1,900  L 
were  for  neutralizing  alkalinity  generated  during  reduction  reactions  (primarily  driven  by 
nitrification),  440  L  were  for  cell  synthesis,  and  the  remaining  1,360  L  (15  percent)  were  excess 
or  system  losses  suggesting  potential  for  optimization. 


Bacteria  were  detected  in  the  MBfR  effluent,  which  was  likely  associated  with  detachment  of 
biomass  from  the  membranes  (Figure  5.23).  The  lag  reactor  effluent  had  HPC  counts  between 
104  and  105  colony  forming  units  per  milliliter  (CFU/mL).  E.  coli,  total  coliforms,  and  fecal 
coliforms  were  below  the  detection  limit  of  2  most  probable  number  per  100  milliliters 
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(MPN/lOOmL)  in  all  samples  collected.  There  were  three  time  points  when  total  coliforms  were 
detected  during  Steady  State,  on  days  232,  243,  and  256.  The  highest  detection  was  on  day  232 
with  36.7  MPN/lOOmL.  These  samples  were  collected  prior  to  disinfection.  While  this  system  is 
a  biological  treatment  technology,  the  growth  of  pathogenic  organisms  was  not  promoted. 

HPCs  were  significantly  lower  in  the  finished  water  following  disinfection,  on  average 
43  CFU/mL  (Figure  5.24).  All  samples  collected  from  the  finished  water  were  below  drinking 
water  standards  for  E.  coli,  total  coliforms,  fecal  coliforms,  and  FIPCs.  TON  was  below  the 
Secondary  MCL  of  3  in  all  but  three  samples  (Figure  5.24b).  Those  were  on  days  246,  250,  and 
251  with  an  average  threshold  odor  number  of  4.5.  Day  250  also  had  the  highest  total  sulfide 
measurement  during  Steady  State  of  0.041  mg/L.  The  system  was  down  periodically  on  days  250 
to  253  due  to  high  winds  triggering  the  secondary  containment  level  switch.  When  the  system 
was  down,  the  MBfRs  operated  in  batch  mode,  which  resulted  in  more  strongly  reducing 
conditions  than  nonnal  operations. 
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Figure  5.23  Steady  State  MBfR  Lag  Reactor  Effluent  Water  Quality  Bioindicators 
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Figure  5.24  Steady  State  Finished  Water  Quality  Bioindicators  (a),  Sulfide,  and  Odor  (b) 


The  performance  objective  for  DOC  was  to  have  less  than  a  0.2-mg/L  increase  from  the  system 
influent  to  the  finished  water  (Figure  5.25).  DOC  increased  in  the  effluent  of  the  MBfR  lag,  but 
was  subsequently  reduced  by  the  media  filter.  DOC  increased  an  average  of  0.4±0.1  rng/L  from 
the  influent  to  the  effluent  during  Steady  State.  Influent  DOC  concentrations  were 
uncharacteristically  high  (above  1  mg/L)  in  three  of  the  five  time  points  tested.  The  average 
influent  DOC  was  0.56±0.38  mg/L  prior  to  Steady  State.  It  is  not  known  why  concentrations 
increased.  This  higher  than  normal  organic  loading  may  have  resulted  in  increased  biomass 
production  thus  increasing  the  effluent  DOC.  While  the  goal  for  this  project  was  less  than  a  0.2 
mg/L  increase,  the  metric  is  not  driven  by  regulation,  and  requirements  for  biological  stability 
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are  specific  to  each  drinking  water  distribution  system.  The  increase  of  0.4  mg/L  DOC  may  not 
be  all  biodegradable  DOC  and  may  be  stable  in  some  distribution  systems. 
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Figure  5.25  Steady  State  Treatment  System  DOC 

DBPs  including  HAAs  and  THMs  were  measured  in  the  finished  water  (Table  5.14).  DBPs  were 
below  the  MCL  in  all  samples.  DBP-FP  was  tested  to  determine  DBPs  generated  during  worst- 
case  conditions;  concentrations  were  significantly  lower  than  the  MCL  (<  20  percent  of  the 
MCL).  Nitrosamines  including  N-nitrosodiethylamine  (NDEA),  N-nitrosodimethylamine 
(NDMA),  and  N-nitroso-di-n-propylamine  (NDPA)  were  below  their  respective  CDPH 
Notification  Level  of  10  nanograms  per  liter  (ng/L),  or  0.01  pg/L,  in  the  finished  water. 
Nitrosamines  are  emerging  contaminants  that  are  not  currently  regulated  for  drinking  water  (e.g., 
no  MCL)  but  are  being  evaluated  by  the  USEPA. 


Table  5.14  Steady  State  Finished  Water  Disinfection  Byproducts 


Analyte 

Average 

Max 

MCL 

HAA5  (pg/L) 

<6 

<6 

60 

HAA6  (pg/L) 

<7 

<7 

— 

TTHMs  (pg/L) 

4.8 

12 

80 

Maximum  THM-FP  (pg/L) 

14.6 

47 

— 

Nitrosamines  (pg/L) 

<0.0019 

<0.0019 

— 
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Finished  water  turbidity  was  near  the  treatment  objective  of  0.2  NTU,  with  an  average  of 
0.27  NTU  (Figure  5.26).  Turbidity  was  below  0.2  NTU  67  percent  of  the  time  based  on  on-line 
turbidity  measurements.  The  intermittent  temporary  system  shutdowns  during  days  250  to  253 
were  not  included  in  turbidity  analysis  since  it  was  triggered  by  weather  events  (i.e.,  high  winds) 
and  not  normal  operational  issues.  The  SWTR  requires  that  turbidity  always  be  below  1  NTU 
and  that  95  percent  of  the  samples  be  less  than  0.3  NTU.  While  this  system  utilized  groundwater 
as  a  source  water,  the  performance  goal  was  to  achieve  turbidity  of  less  than  0.2  NTU.  The 
turbidity  was  not  always  below  1  NTU,  although  samples  were  below  0.3  NTU  approximately  79 
percent  of  the  time  and  below  0.2  NTU  approximately  67  percent  of  the  time.  The  majority  of 
time  points  where  turbidity  was  above  0.2  NTU  were  from  days  230  to  235.  During  this  time,  a 
noticeable  sulfur  odor  was  present  in  the  aeration  tank.  Sulfate  was  being  reduced  to  sulfide  and 
possibly  elemental  sulfur  due  to  strongly  reducing  conditions  in  the  MBfR.  Colloidal  sulfur  may 
have  contributed  to  higher  turbidity  readings.  The  filter  aid  dose  was  adjusted  from  2  to  as  high 
as  7  mL/min  to  reduce  filter  effluent  turbidity.  The  filter  aid  was  an  aluminum  chlorohydrate 
coagulant  and  was  injected  prior  to  the  media  filter.  As  such,  the  residence  time  may  not  have 
been  sufficient  to  promote  mixing  and  coagulation.  Figure  5.26  shows  turbidity  breakthrough 
almost  immediately  after  a  backwash.  The  filtration  system  has  a  non-standard  filter  material  and 
was  not  optimized  for  filtration  performance.  An  improvement  on  the  system  design  would  be  to 
inject  the  filter  aid  further  upstream. 


Figure  5.26  Steady  State  Finished  Water  Turbidity 


The  MBfR  reactors  were  sparged  every  12  hours.  Approximately  13  percent  of  the  influent  water 
was  used  for  sparging  and  was  diverted  as  wastewater.  A  full-scale  system  currently  installed  at 
Cucamonga  Valley  Water  District  for  nitrate  reduction  wastes  approximately  1  to  3  percent  of 
the  influent  water  due  to  sparging. 1  Samples  from  the  sparge  water  were  collected  and  analyzed 


1  Based  on  information  provided  by  APT water,  2  to  3  percent  of  influent  flow  would  likely  be  wasted  in  a  full-scale 
system.  There  are  several  parameters  that  would  be  altered  to  achieve  lower  percent  water  wasted.  First,  if  the 
influent  flow  rate  increased,  the  percent  wasted  would  be  reduced  appreciably  because  the  reactors  were  sparged  on 
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for  total  suspended  solids  (TSS)  to  estimate  mass  of  solids  generated.  Based  on  these  samples, 
approximately  2,930  grams  or  6.5  pounds  of  solids  would  have  been  generated  per  million 
gallons  (MG)  of  water  treated.  Theoretical  sludge  production  using  cell  yields  and  stoichiometric 
equivalents  presented  in  Section  2  would  have  been  4,000  g/MG  water  treated  (8.9  pounds). 

The  media  filter  was  backwashed  on  average  approximately  every  12  hours,  which  resulted  in 
wasting  approximately  3  percent  of  the  system  influent  water  due  to  backwashing.  The  backwash 
trigger  was  changed  during  Steady  State  to  when  finished  water  turbidity  was  greater  than 
0.3  NTU  rather  than  when  the  pressure  drop  was  greater  than  10  psi.  The  trigger  was  altered 
because  turbidities  were  higher  than  the  performance  objective  of  0.2  NTU  at  the  initiation  of  the 
Steady  State  phase.  Samples  from  the  media  filter  backwash  water  were  collected  and  analyzed 
for  TSS  to  estimate  solids  generated  for  disposal.  Based  on  these  samples,  approximately  10,000 
grams  or  22  pounds  of  solids  were  generated  per  MG  of  water  treated.  The  head  loss 
accumulation  rate  across  the  media  filter  was  fairly  consistent  at  5.2±1.5  psi/d  (Figure  5.27). 


Media  Filter  Pressure  Drop 


8 


-2 


-4  J 

230  235  240  245  250  255 

Time  (d) 

Figure  5.27  Steady  State  Media  Filter  Pressure  Drop 


5.7.4  Challenge 

The  Challenge  phase  lasted  from  days  259  to  271.  There  were  four  intentional  upset  conditions 
evaluated:  turning  off  the  hydrogen  supply  for  4  and  24  hours,  and  turning  the  system  off 
completely  for  4  and  24  hours.  After  the  system  was  restored  to  nonnal  operating  conditions,  the 


a  specified  time  interval.  Increasing  the  flow  rate  from  6  to  20  gpm  would  result  in  a  reduction  of  water  wasted  from 
13  to  4  percent.  Second,  the  initial  transfer  of  water  from  the  lag  reactor  during  the  sparge  process  to  reduce  the  lag 
MBfR  operating  level  was  discharged  as  waste  in  the  pilot.  This  fluid  would  not  need  to  be  wasted  in  a  full-scale 
system  because  the  water  has  been  treated  and  is  of  the  lag  MBfR  water  quality.  This  would  reduce  wastewater  by 
approximately  half.  Finally,  during  Steady  State  there  were  4  reactors  in  each  vessel  rather  than  7  at  the  initiation  of 
the  pilot.  Since  there  were  fewer  reactors  in  the  vessels,  there  was  more  space  for  water  to  fill  the  vessels,  thus 
increasing  water  consumption.  A  full-scale  system  has  been  installed  and  tested  at  Cucamonga  Valley  Water  District 
for  nitrate  reduction.  This  system  wastes  approximately  1  to  3  percent  of  the  influent  water  due  to  sparging. 
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finished  water  was  monitored  approximately  hourly  for  10  hours.  The  influent  flow  rate  was  6 
gpm  and  the  hydraulic  residence  time  from  the  MBfR  lag  effluent  to  the  finished  water  was 
approximately  2.4  hours.  The  baseline  lag  effluent  concentrations  prior  to  the  intentional  upsets 
were  16  ug/L  for  perchlorate  and  0.23  mg-N/L  for  nitrate. 

The  hydrogen  shut-off  simulated  a  temporary  loss  of  electron  donor  supply.  Approximately  two 
hours  after  restarting  the  system,  the  concentrations  of  perchlorate  and  nitrate  steadily  dropped 
during  the  4-hour  hydrogen  shut-off  period  (Figure  5.28)  and  24-hour  shut-off  period  (Figure 
5.29).  This  corresponded  well  with  the  hydraulic  residence  time  between  the  lag  reactor  and  the 
finished  water  monitoring  point.  The  rate  of  recovery  was  slightly  faster  for  perchlorate  after  the 
4-hour  shut-off  period  (first-order  rate  constant  of  0.173  hr'1)  than  the  24-hour  period  (0.147  hr' 
).  By  contrast,  nitrate  was  slightly  slower  to  recover  after  the  4-hour  shut-off  period  (0.152  hr' 
),  compared  to  the  24-hour  period  (0. 195  hr'1).  In  both  situations,  nitrate  recovered  to  less  than  1 
mg-N/L  within  the  10-hour  period  of  monitoring.  While  perchlorate  did  not  reach  pre -upset 
concentrations  within  the  monitoring  period,  the  concentration  would  likely  recover  within  12 
hours  based  on  these  first-order  rate  constants.  One  contribution  to  this  recovery  time  was  the 
presence  of  only  4  modules  in  each  vessel  designed  for  7  modules.  Thus,  a  substantial  percentage 
of  the  liquid  volume  in  each  vessel  was  not  in  contact  with  the  active  biomass  and  thus  was  not 
subject  to  biodegradation  up  re-instatement  of  hydrogen  flow.  The  recovery  trends  were  similar 
to  the  tracer  study  trends  indicative  of  high  reactor  dispersion  and  CSTR-type  operation. 

Turning  off  the  power  supply  did  not  have  strong  impacts  on  effluent  water  quality  after  the  4- 
hour  shut-off  (Figure  5.30)  or  the  24-hour  shut-off  period  (Figure  5.31),  as  concentrations 
remained  relatively  constant.  For  these  cases,  the  reactors  went  into  a  batch  reactor  mode,  which 
resulted  in  more  contact  time  with  the  contaminated  water.  While  sulfide  was  not  monitored  in 
any  of  the  Challenge  phase  tests,  this  would  be  helpful  to  be  included  in  a  monitoring  program 
for  a  full-scale  system  for  potential  odor  issues. 


74 


Figure  5.28  Perchlorate  and  Total  Nitrogen  Concentrations  at  the  Finished  Water  after 

a  4-Hour  Shut-off  of  Hydrogen 


Figure  5.29  Perchlorate  and  Total  Nitrogen  Concentrations  at  the  Finished  Water  after 

a  24-Hour  Shut-off  of  Hydrogen 
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a  4-Hour  Shut-off  of  Power 


Figure  5.31  Perchlorate  and  Total  Nitrogen  Concentrations  at  the  Finished  Water  after 

a  24-Hour  Shut-off  of  Power 
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6.0  PERFORMANCE  ASSESSMENT 


A  summary  of  the  performance  objectives  along  with  an  overview  of  technology  perfonnance 
was  presented  in  Section  3,  and  results  were  discussed  in  detail  in  Section  5.7.  The  perfonnance 
objectives  included  treatment  effectiveness,  disinfection  effectiveness,  ability  to  meet  drinking 
water  treatment  primary  and  secondary  MCLs,  reliability,  safety,  pennit  compliance,  and 
regulatory  acceptance.  This  section  includes  an  assessment  of  technology  performance  that  is 
supported  by  data  presented  in  Section  5. 

6.1  TREATMENT  EFFECTIVENESS 

The  MBfR  was  a  reliable  method  for  treating  nitrate,  and  while  perchlorate  was  not  treated  to 
below  6  |ig/L,  it  was  consistently  reduced  by  more  than  90  percent.  Biomass  was  visually 
observable  on  the  membrane  surfaces  during  an  autopsy  of  a  reactor.  Visually,  the  biomass  was 
uniformly  light  brown  in  color,  indicating  the  biomass  was  not  overly  reduced.  Reliability  of  the 
system  is  discussed  further  in  Section  6.4. 

6.1.1  Perchlorate 

Perchlorate  was  reduced  from  an  average  of  154±5  pig/L  to  an  average  of  9.2±2.3  qg/L  in  the 
effluent  of  the  lag  reactor  during  Steady  State  (94.4  percent  reduction).  While  the  treatment 
objective  of  6  qg/L  was  not  met,  perchlorate  was  consistently  removed  with  little  variation 
(coefficient  of  variation  was  0.73%). 

During  Optimization,  influent  flow  rate  and  recycle  flow  rate  were  observed  to  affect  perchlorate 
treatment  efficacy,  as  discussed  in  detail  in  Section  5.7.2.  The  effect  of  influent  flow  rate  and 
associated  electron  acceptor  loading  was  evaluated  for  flows  rates  of  10,  15,  and  20  gpm. 
Perchlorate  was  on  average  8.5  qg/L  while  operating  at  10  gpm,  17.9  qg/L  at  15  gpm,  and  27 
qg/L  at  20  gpm.  Recycle  flow  rates  were  tested  further  during  batch  tests,  where  four  recycle 
flow  rates  were  tested  in  each  MBfR  vessel.  In  general,  the  best  performance  was  observed  when 
recycle  flow  rates  were  increased  indicating  mass  transfer  limitations.  However,  operation  at  the 
highest  recycle  rates  did  not  promote  complete  perchlorate  removal.  Finally,  the  impact  of  sparge 
frequency  and  gas  type  was  evaluated.  Sparging  was  conducted  to  remove  buildup  of  biomass 
and  inert  compounds  in  the  membranes.  Use  of  compressed  air  rather  than  nitrogen  for  sparging 
resulted  in  no  measurable  change  in  perfonnance  and  could  be  used  to  decrease  operational 
costs.  Sparging  frequencies  of  24  hours  or  less  did  not  change  perchlorate  or  nitrate  removal 
appreciably;  thus  12  hours  was  selected  for  Steady  State  operations. 

Batch  tests  demonstrated  that  complete  perchlorate  removal  was  possible  but  was  observed  to 
occur  when  sulfate  reduction  and  sulfide  generation  began.  Modeling  and  bench-scale  studies  by 
ASU  demonstrated  that  complete  perchlorate  removal  was  observed  without  sulfide  production  if 
removal  flux  of  nitrate  and  oxygen  -  expressed  as  stoichiometric  hydrogen  demand  -  was  about 
0.18  g  H2/m“-day  (Rittmann  et  al.  2013).  However,  single-stage  pilot-scale  operation  did  not 
promote  complete  perchlorate  reduction  at  a  removal  flux  of  nitrate  and  oxygen  of  0.12  g-ff/nT- 
d.  Therefore,  other  differences  between  the  laboratory  and  pilot-scale  systems  such  as  trans- 
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membrane  liquid  velocity  and  associated  mass-transfer  resistance  may  have  prevented  complete 
perchlorate  reduction. 

6.1.2  Nitrate  and  Nitrite 

This  Demonstration  validated  the  technical  feasibility  of  the  MBfR  for  treatment  of  nitrate.  Total 
nitrogen  (the  sum  of  nitrate  and  nitrite)  was  reduced  from  an  influent  average  of  9.0  mg-N/L  to 
an  average  of  0.12±0.07  mg-N/L  in  the  effluent  of  the  lag  reactor  during  Steady  State  (98.3 
percent  reduction).  Thus,  the  treatment  objective  of  0.5  mg-N/L  was  met.  Nitrate  reduction  was 
consistently  removed  with  little  variation  (coefficient  of  variation  was  0.94%)  with  the  highest 
total  nitrate  concentration  of  0.24  mg-N/L.  Similar  to  perchlorate,  factors  controlling 
perfonnance  were  influent  flow  rate  and  recycle  flow  rate.  These  factors  were  evaluated  in  detail 
during  Optimization  (see  Section  5.7.2).  Nitrate  removal  to  below  0.5  mg-N/L  was  demonstrated 
during  Optimization  testing  at  flow  rates  as  high  as  18  gpm  based  on  online  nitrate 
measurements.  Recycle  flow  rates  were  tested  at  four  different  levels,  and  the  best  perfonnance 
was  generally  observed  when  recycle  flow  rates  were  highest.  Another  key  finding  during  Steady 
State  was  that  79  percent  of  nitrate  was  reduced  across  the  lead  reactor  with  an  average  lead 
effluent  concentration  of  1.8±0.16  mg-N/L.  As  such,  a  full-scale  system  could  include  single- 
stage  operations  depending  on  nitrate  treatment  goals,  thus  decreasing  capital  and  operational 
costs  and  system  footprint. 

6.2  DISINFECTION  EFFECTIVENESS 

Disinfection  was  accomplished  using  sodium  hypochlorite  with  a  free  chlorine  residual  of 
0.2  mg/L  to  meet  disinfection  requirements.  Fecal  coliforms,  total  colifonns,  E.  coli,  and  HPCs 
were  used  as  indicator  parameters  for  disinfection  performance.  Fecal  and  total  coliforms  and  E. 
coli  were  below  the  detection  limit  (2/100  mL)  in  all  samples  during  Steady  State.  HPCs  were  on 
average  43  MPN/mL,  and  no  sample  was  greater  than  500  MPN/mL  during  Steady  State.  Thus, 
the  perfonnance  objective  for  disinfection  effectiveness  was  met. 

6.3  ABILITY  TO  MEET  DRINKING  WATER  TREATMENT  PRIMARY  AND 
SECONDARY  MCLs 

This  section  addresses  the  ability  of  the  MBfR  to  address  primary  and  secondary  MCLs  and 
other  constituents  relevant  to  production  of  drinking  water.  TCE  was  present  in  the  MBfR 
influent  but  was  not  removed.  TCE  removal  was  not  an  objective  of  this  demonstration. 

6.3.1  Odor 

Biological  reduction  processes  can  include  generation  of  sulfide.  During  batch  testing  discussed 
in  Section  5.7.2,  degradation  of  perchlorate  below  the  perfonnance  objective  of  6  qg/L  was 
observed  during  the  same  time  when  sulfide  concentrations  began  increasing  above 
approximately  1  mg/L.  The  performance  objective  for  the  TON  was  less  than  or  equal  to  3  based 
on  the  USEPA  NSDWR  requirements.  An  average  TON  of  2.2  was  observed  during  Steady 
State;  however,  3  of  the  12  samples  collected  were  above  the  perfonnance  objective.  The  three 
samples  were  associated  with  weather-related  process  shutdowns  and  accumulation  of  sulfide  at 
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a  concentration  of  0.04  mg/L.  This  concentration  of  sulfide  can  be  mitigated  by  a  more  rigorous 
aeration  step.  It  is  possible  that  the  odor  could  have  been  associated  with  chlorine  as  well. 

6.3.2  Turbidity 

Media  filtration  in  combination  with  a  coagulant  filter  aid  was  employed  downstream  of  the 
MBfR  to  meet  the  performance  objective  of  less  than  or  equal  to  0.2  NTU  in  the  finished  water. 
An  average  turbidity  of  0.27  NTU  was  observed  from  online  measurements  during  Steady  State. 
However,  there  were  several  instances  where  turbidity  was  greater  than  1  NTU.  Turbidity  was 
below  0.2  NTU  approximately  67  percent  of  the  time,  and  thus  this  perfonnance  objective  was 
not  met.  Most  of  the  data  when  turbidity  was  above  0.2  NTU  were  from  days  230  to  235.  During 
this  time,  a  noticeable  sulfur  odor  was  present  in  the  aeration  tank.  Colloidal  sulfur  likely 
generated  by  oxidation  of  biogenic  sulfide  may  have  contributed  to  higher  turbidity  readings. 
Prevention  of  sulfide  production  would  minimize  turbidity  exceedances.  An  improvement  to  the 
design  to  increase  the  filter  aid  efficacy  would  be  to  move  the  filter  aid  injection  location  further 
upstream  to  increase  mixing  time.  Additionally,  the  experimental  filter  media  Next-Sand™  was 
used,  thus  turbidity  results  may  not  be  translatable  to  conventional  filtration  media. 

The  media  filter  was  backwashed  on  average  approximately  every  12  hours,  which  resulted  in 
wasting  3  percent  of  the  system  influent  water.  Media  filter  backwash  water  was  analyzed  for 
TSS  to  estimate  solids  generated  for  disposal.  Based  on  these  samples,  approximately  10,000 
grams  or  22  pounds  of  solids  would  have  been  generated  per  MG  of  water  treated. 

6.3.3  DOC 

Residual  biodegradable  organic  compounds  in  treated  water  can  decrease  water  biostability  and 
thus  promote  regrowth  of  organisms  in  distribution  systems.  DOC  was  selected  as  a  surrogate 
indicator  for  biological  stability,  with  a  performance  objective  of  no  more  than  a  0.2-mg/L 
increase  in  DOC  from  the  influent  to  the  finished  water.  While  this  was  a  goal  for  the  project,  it 
was  not  driven  by  regulation  and  specific  requirements  for  stability  are  specific  to  each  drinking 
water  distribution  system.  The  increase  in  DOC  from  the  system  influent  to  the  finished  water 
was  on  average  0.4  mg/L  during  Steady  State.  The  net  increase  in  system  DOC  exceeded  the 
perfonnance  objective  indicating  that  the  perfonnance  objective  was  not  met.  Even  though  this 
goal  was  not  met,  this  increase  may  be  suitable  and  considered  stable  in  some  distribution 
systems.  Water  stability  in  the  distribution  system  is  affected  by  many  factors  and  DOC  is  just 
one  of  those  factors  (Schneider  et  al.  2013). 

6.3.4  pH 

The  target  for  pH  was  between  6.5  and  8.5  SU,  which  is  a  secondary  MCL  under  the  NSDWR. 

In  particular,  pH  control  was  important  for  this  system  since  denitrification  and  other  reduction 
processes  can  result  in  increased  alkalinity  and  increased  pH.  Bioreduction  pathways  are  optimal 
between  a  pH  of  6.8  and  7.5  SU  for  perchlorate  (Adham  et  al.  2004),  though  optimal  perchlorate 
was  found  at  8  SU  when  a  range  between  6.5  to  8.8  was  tested  (Nerenberg  et  al.  2002)  and  7.2  to 
8.2  SU  for  nitrate  (Xia  et  al.  2010).  During  the  MBfR  Demonstration,  the  pH  of  the  finished 
water  remained  within  the  performance  standards  (6.5  <  pH  <  8.5).  An  average  value  of 
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7.8±0.2  SU  was  observed  at  the  finished  water  during  Steady  State.  The  metric  for  this 
perfonnance  objective  was  met. 

6.4  RELIABILITY 

This  perfonnance  objective  was  to  demonstrate  greater  than  95  percent  uptime  during  Steady 
State.  The  system  uptime  during  Steady  State  was  98  percent  and  this  perfonnance  objective  was 
met.  System  reliability  was  further  evaluated  during  Challenge  testing  when  either  hydrogen 
(electron  donor)  or  system  power  was  shut  off  for  either  4  hours  or  24  hours.  As  discussed  in 
Section  5.7.4,  hydrogen  shut-off  resulted  in  increased  nitrate  and  perchlorate  concentrations. 
System  recovery  occurred  within  10  hours  for  nitrate,  and  was  anticipated  to  occur  within  12 
hours  for  perchlorate.  First-order  rate  constants  were  calculated  to  estimate  recovery  time.  The 
rate  of  recovery  was  slightly  faster  for  perchlorate  after  the  4-hour  shut-off  period  (first-order 
rate  constant  of  0.17  hr"1)  than  the  24-hour  period  (0.15  hr"1).  By  contrast,  nitrate  recovery  was 
slightly  slower  after  the  4-hour  shut-off  period  (0.15  hr"1),  compared  to  the  24-hour  period  (0.20 
hr"1).  The  system  was  relatively  unaffected  by  power  shut  off  as  the  bioreactor  simply  had  more 
time  to  continue  to  degrade  contaminants.  Nitrate  and  perchlorate  concentrations  remained 
relatively  constant  over  the  4-hour  power  shut  off  duration.  Total  nitrogen  went  from  0.4  to 
0.5  mg-N/L,  and  perchlorate  went  from  15  to  19  pg/L  in  the  finished  water.  Similarly,  when 
power  was  shut  off  for  24  hours,  total  nitrogen  went  from  0.4  to  0.5  mg-N/L  and  perchlorate 
went  from  11  to  10  pg/L  in  the  finished  water.  The  time  for  system  recovery  from  hydrogen 
shut-off  could  be  mitigated  by  operating  the  system  in  a  batch  recirculation  mode.  Additionally, 
at  the  time  of  the  test  there  were  4  modules  in  each  vessel  that  were  originally  designed  for  7 
modules.  Increasing  the  number  of  reactors  per  vessel  would  also  increase  mass  transfer  and 
likely  result  in  faster  recovery.  The  recovery  trends  were  similar  to  the  tracer  study  trends 
indicative  of  high  reactor  dispersion  and  CSTR-type  operation. 

6.5  SAFETY 

Safety  concerns  with  this  technology  include  use  of  a  pressurized  flammable  gas,  hydrogen,  and 
other  pressurized  gases  including  nitrate  and  carbon  dioxide.  Generation  of  sulfide  from  sulfate 
can  also  cause  inhalation  hazards.  There  were  no  health  and  safety  incidents  reported  during  the 
Demonstration.  Hydrogen  leaks  were  detected  by  a  sensor  and  the  system  was  automatically  shut 
down  for  maintenance.  Hydrogen  sulfide  and  LEL  were  monitored  on  a  daily  basis  during  the 
Optimization  phase  when  a  sulfide  odor  was  noted  by  field  staff.  There  were  a  few  instances 
when  the  system  was  shut  down  due  to  a  detection  by  the  LEL  sensor.  However,  no  detections 
above  the  permissible  exposure  limit  or  threshold  limit  values  were  observed.  The  metric  for  this 
performance  objective  was  met. 

6.6  PERMIT  COMPLIANCE 

The  California  RWQCB  reviewed  the  Demonstration  Plan  and  approved  discharge  of  43,200 
gallons  per  day  of  treated  groundwater  back  into  the  ground  via  a  French  drain.  The  system 
influent  was  monitored  for  VOCs  and  the  effluent  was  monitored  for  flow  rate,  pH,  VOCs,  total 
nitrogen,  chloride,  phosphate,  TDS,  and  sulfate.  These  values  were  monitored  and  if  detected, 
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were  compared  against  permit  requirements.  There  were  no  permit  violations  of  California 
RWQCB  pennit  number  R8-2002-0033-038;  therefore,  this  objective  was  met. 

6.7  REGULATORY  ACCEPTANCE 

A  letter  of  conditional  acceptance  for  the  MBfR  for  treatment  of  nitrate  was  received  the  CDPH 
on  July  26,  2013  (Appendix  I).  APTwater  has  installed  an  MBfR  system  at  the  Cucamonga 
Valley  Water  District  for  full-scale  treatment  of  nitrate.  The  system  is  called  ARoNite™  that 
stands  for  Autotrophic  Reduction  of  Nitrate.  In  December  of  201 1,  the  system  became  NSF  61- 
certified.  The  Optimization  data  gathered  from  this  study  were  used  to  help  develop  the  design 
and  operations  of  the  Cucamonga  Valley  Water  District  facility.  This  system  is  in  the  process  of 
being  pennitted  by  CDPH  for  full-scale  operation. 
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7.0  COST  ASSESSMENT 


The  cost  assessment  was  conducted  for  an  MBfR  treating  nitrate  and  not  perchlorate  because  the 
6-ug/L  performance  objective  for  perchlorate  removal  was  not  achieved.  This  section  provides 
the  cost  assessment  for  a  full-scale  1,000  gpm  MBfR  system  under  six  scenarios.  Each  scenario 
was  assessed  during  a  30-year  life  cycle.  Since  the  MBfR  process  did  not  meet  treatment 
objectives  for  perchlorate,  the  assessment  focused  solely  on  nitrate  removal.  The  assessment  was 
performed  to  obtain  a  generic  cost  data  considering  engineering,  equipment,  construction,  and 
operational  costs.  The  test  data  from  the  Rialto  Well  22  site  were  used  as  a  basis  for  developing 
the  estimate.  Comparisons  were  made  between  the  MBfR  and  conventional  IX  and  a  packed  bed 
or  fixed-bed  bioreactor  (FXB). 

7.1  COST  MODEL 

7.1.1  Capital  Cost  Estimation 

The  purpose  of  the  capital  cost  estimate  is  to  assess  the  generic  project  cost  for  system 
installation  and  construction.  The  capital  cost  includes  equipment,  installation,  and  construction, 
as  well  as  standard  line  items  to  account  for  indirect  costs.  Equipment  costs  were  obtained  from 
system  suppliers.  Site  installation  and  construction  costs  were  estimated  from  the  project  team’s 
experience  on  similar  construction  projects.  Total  installed  cost  and  line  items  included  in  the 
cost  estimate  were  calculated  from  the  cost  model  in  Table  7.1.  A  30-year  amortized  cost  was 
calculated  from  the  total  installed  cost,  assuming  a  2.0%  real  discount  rate  obtained  from  the 
Office  of  Management  and  Budget. 

It  should  be  noted  that  for  an  objective  comparison  of  capital  costs,  the  following  items  on  direct 
and  indirect  costs,  which  can  vary  greatly  by  site  and/or  project  conditions,  are  not  considered  in 
this  study: 

•  Land  acquisition  costs 

•  Major  site  improvement  work,  such  as  fill  material  or  substantial  clearing 

•  Raw  water  resource  development  and  pumping/piping  system 

•  Finished  water  storage 

•  Laboratory  or  staff  office  space 

•  Bringing  utilities  to/from  the  site  (water,  wastewater,  power,  communications) 

•  Environmental  assessment  of  site 

•  Owner  administration  and  legal  fees 

While  effort  was  made  to  provide  a  realistic  cost  estimate,  caveats  must  be  placed  that  the 
installation  costs  are  only  applicable  for  systems  operating  at  1,000  gpm.  For  larger  systems, 
though  scaling  of  the  costs  may  be  directly  proportional  in  some  cases  (i.e.,  electrical  design),  it 
is  not  always  directly  scaled.  For  example,  with  larger  installations,  significantly  more  design, 
labor,  and  materials  would  be  required  for  structural  design.  Although  a  cost  reduction  might  be 
observed  based  on  an  economy  of  scale,  this  reduction  may  be  offset  by  the  need  for  larger 
delivery  trucks,  fuel  fees,  additional  labor,  etc. 
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Table  7.1  Cost  Estimate  Model 


Cost  Element 

Basis 

Equipment  Installed  Cost 

From  System  Suppliers 

Civil  and  Construction  Cost 

Based  on  system  footprint,  including  excavation, 
grading,  and  2-foot  concrete  foundation 

Piping  and  Mechanical  Installed  Cost 

Assumed  $45/square  foot 

Electrical,  Instrumentation,  and 
Controls  Installed  Cost 

Assumed  10%  of  the  total  installed  cost  for  electrical 
and  2%  for  instrumentation  and  controls 

Subtotal  Direct  Cost 

Sum  of  the  Above 

Permit  Fees  and  Sales  Taxes 

12%  of  Subtotal  Direct  Cost 

Bond  and  Insurance 

3%  of  Subtotal  Direct  Cost 

Subtotal  A 

Subtotal  Direct  Cost  +  Pennit  Fees  and  Sales  Taxes  + 
Bond  and  Insurance 

General  Conditions 

10%  of  Subtotal  A 

Contractor  Overhead  and  Profit 

15%  of  Subtotal  A 

Subtotal  B 

Subtotal  A  +  General  Conditions  +  Contractor 

Overhead  and  Profit 

Contingency 

25%  of  Subtotal  B 

Subtotal  C 

Subtotal  B  +  Contingency 

Engineering  Design  Services 

10%  of  Subtotal  C 

Total  Installed  Cost 

Subtotal  C  +  Engineering  Design  Services 

7.1.2  Operational  Costs 

Annualized  operational  costs  are  estimated  for  a  30-year  plant  life  cycle  with  2.0%  real  discount 
rate  from  Office  of  Management  and  Budget.  Table  7.2  shows  the  calculation  basis.  Unit  costs 
were  based  on  quotes  from  equipment  vendors  and  APTwater. 


Table  7.2  Operations  Cost  Calculation  Basis 


Component 

Units 

Value 

MBfR  Costs 

Hydrogen,  On-site  Generation 

$/lb 

0.59 

Carbon  Dioxide 

$/lb 

0.24 

Coagulant 

$/lb 

1.1 

75%  Phosphoric  Acid 

$/lb 

0.85 

Power 

$/kWh 

0.12 

Membrane  Replacement  Cycle 

yr 

10 

Media  Filter  Replacement  Cycle 

yr 

10 
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Component 

Units 

Value 

IX Resin  Costs 

IX  Resin  Replacement  Cycle 

yr 

10 

IX  Regeneration  Waste  Discharge  Fee 

$/gal 

0.1 

Salt  for  IX  Regeneration 

$/ton 

130 

The  following  items  are  excluded  from  the  operational  cost  estimate: 

•  Operation  labor 

•  Raw  and  product  water  pumping 

•  Disinfection  chemical 

•  Minor  equipment  and  lighting  power 

7.1.3  MBfR  System  Design  Basis 

Three  nitrate  treatment  goals  were  selected  for  a  1,000-gpm  full-scale  MBfR  system:  1)  28  mg- 
N/L  of  influent  and  4.0  mg  N/L  effluent,  2)  10  mg-N/L  of  influent  and  6.8  mg-N/L  effluent,  and 
3)  18  mg-N/L  of  influent  and  6.8  mg-N/L  of  effluent.  In  all  of  these  scenarios,  a  portion  of  the 
1000-gpm  stream  would  be  treated  by  the  MBfR  to  0.5  mg-N/L  and  the  remaining  untreated 
water  would  be  blended  with  the  treated  water  to  meet  the  above-stated  effluent  nitrate  goal. 
Scenario  1  has  a  nitrate  concentration  similar  to  the  previously  published  work  on  biological 
treatment  technologies  (Brown  et  al.  2008;  Webster  and  Togna  2009)  and  is  included  in  this 
study  for  comparison.  Scenarios  2  and  3  were  included  to  demonstrate  mid-range  and  high-range 
nitrate  loading,  respectively.  Scenario  2  has  a  nitrate  concentration  equal  to  that  observed  during 
the  WVWD  demonstration.  Scenario  3  has  a  nitrate  concentration  in  excess  of  the  MCL  of  10 
mg-N/L  to  simulate  treatment  of  a  water  source  that  would  actually  require  treatment.  The  three 
treatment  goals  were  applied  to  two  MBfR  system  designs:  a  design  using  the  same  process  used 
in  the  Demonstration  (Scenarios  1,  2  and  3)  and  a  design  based  on  results  from  the 
Demonstration  and  APTwater’s  continued  process  development  and  optimization  (Scenario  4,  5 
and  6).  The  modified  design  was  incorporated  in  the  construction  of  the  Cucamonga  Valley 
Water  District  MBfR  for  nitrate  treatment.  It  includes  several  enhancements  to  increase  system 
efficiency  and  decrease  wastewater  generation.  For  example,  scenarios  1  to  3  were  designed 
similar  to  the  pilot-scale  field  Demonstration  where  there  was  100  percent  excess  hydrogen 
relative  to  the  demand  for  biotransformation  and  fiber  flushing  to  remove  moisture  and 
accumulated  inert  gases.  By  contrast,  scenarios  4  to  6  were  estimated  assuming  that  hydrogen 
with  30  percent  stoichiometric  excess  would  be  sufficient,  similar  to  the  full-scale  system  being 
installed  at  Cucamonga  Valley  Water  District.  The  sparging  frequency  was  also  reduced  from 
once  every  12  hours  in  scenarios  1  to  3  to  once  every  24  hours  in  scenarios  4  to  6,  which  reduced 
the  amount  of  wastewater  generated  in  the  modified  design.  The  design  bases  for  each  scenario 
are  shown  in  Table  7.3. 
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Table  7.3  MB  Ik  System  Design  Parameters 


Component 

Units 

Scenario 

Based  on 
Demonstration 
Results 

Based  on  Optimized 
System  Data  from 
APT  water 

1 

2 

3 

4 

5 

6 

Influent  Water  Quality 

Flow  Rate 

gpm 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Temperature 

Deg  C 

20 

20 

20 

20 

20 

20 

pH 

SU 

7.5 

7.5 

7.5 

7.5 

7.5 

7.5 

TDS 

mg/F 

260 

260 

260 

260 

260 

260 

Oxygen 

mg/F 

6 

6 

6 

6 

6 

6 

Sulfate 

mg-SCfi/L 

20 

20 

20 

20 

20 

20 

Nitrate 

mg-N/F 

6.3 

10.2 

18.1 

6.3 

10.2 

18.1 

mg-NOj/F 

28 

45 

80 

28 

45 

80 

MBfR  System  Flow  Distribution 

Total  Flow  Rate 

gpm 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Bypass  Flow  Rate 

gpm 

601 

649 

357 

601 

649 

357 

MBfR  System  Flow  Rate 

gpm 

399 

351 

643 

399 

351 

643 

Operating  Conditions 

Hydrogen  Excess 

% 

100 

100 

100 

30 

30 

30 

Sparge  Interval 

hrs 

12 

12 

12 

24 

24 

24 

Nitrate,  MBfR  Effluent 

mg-N/F 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

mg-NOj/F 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

Nitrate,  After  Blending 
with  Bypass  Stream 

mg-N/F 

4.0 

6.8 

6.8 

4.0 

6.8 

6.8 

mg-N03/F 

17.7 

30.0 

30.0 

17.7 

30.0 

30.0 

The  MBfR  system  consists  of  multiple  vessel  skids  containing  membrane  modules  and  auxiliary 
equipment  for  aeration,  filtration,  and  disinfection.  A  single  vessel  skid  consists  of  two  32- 
membrane  module  basins.  The  footprint  of  one  vessel  skid  is  24  feet  by  8  feet.  In  this  study,  it  is 
assumed  that  vessels  would  operate  with  a  single-stage  configuration.  Each  auxiliary  skid  has  a 
compressed  air  system  for  membrane  sparging,  PLC  controls  and  analyzers,  aeration  tank,  and 
media  filtration.  The  footprint  of  the  auxiliary  skid  is  28  feet  by  8  feet.  Figure  7.1  shows  a 
three-dimensional  (3-D)  rendering  of  the  exemplary  MBfR  system  with  one  vessel  skid  and  one 
auxiliary  skid.  Figure  7.2  shows  a  process  flow  diagram  of  a  typical  MBfR  system.  Table  7.4 
summarizes  the  system  configuration  for  each  scenario. 
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Figure  7.1  3-D  Rendering  of  Exemplary  MBfR  System 
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NOTES:  (1)  DASHED  PROCESS  LINES  INDICATE  PIPE  IN  USE  FOR  SHOWN  TREATMENT  PROCESS  (I.E.  DRAINS,  LAG  SUPPLY) 

(2)  PROCESS  POINT  9  INDICATES  FLOW  OVER  WEIR  BETWEEN  BASIN  1  AND  2 

(3)  ALL  PROCESS  FLOWS  RATES  AND  PARAMETERS  CORRESPONDING  TO  TAG  NUMBERS  ARE  TO  BE  DETERMINED 


5  [  A~ 

Figure  7.2  Process  Flow  Diagram  of  MBfR  System 
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Table  7.4  MBfR  System  Configurations 


Scenario 

Based  on  Demonstration 
Results 

Based  on  Optimized 
System  Data  from 

APT  water 

1 

2 

3 

4 

5 

6 

Minimum  Quantity  of  Modules 

163 

210 

644 

93 

120 

368 

Modules  with  Redundancy 

192 

256 

672 

128 

160 

384 

Quantity  of  Module  Skids 

3 

4 

11 

2 

3 

6 

Quantity  of  Auxiliary  Skids 

2 

2 

3 

2 

2 

3 

Construction  Area  Required  (m2) 

1024 

1216 

2784 

832 

1024 

1824 

7.1.4  Ion  Exchange  System  Design  Basis 

IX  is  a  common  water  treatment  process  used  to  reduce  various  ionic  species  in  water  and 
wastewater.  In  this  study,  the  cost  of  nitrate  removal  by  the  IX  system  was  estimated  and 
compared  to  the  MBfR  system.  Table  7.5  summarizes  design  parameters  of  a  regenerable  IX 
system.  The  IX  system  was  designed  to  treat  1,000  gpm  with  the  same  treatment  goals 
established  for  Scenarios  1  to  3  (Table  7.5).  The  IX  system  consists  of  three  IX  vessels  along 
with  pre-filter  skids,  a  brine  regeneration  system,  and  a  regeneration  waste  storage  system. 


Table  7.5  IX  System  Design  Parameters 


Component 

Units 

Scenario 

1 

2 

3 

Influent  Water  Quality 

Flow  Rate 

gpm 

1,000 

1,000 

1,000 

Temperature 

Deg  C 

20 

20 

20 

pH 

SU 

7.5 

7.5 

7.5 

Total  Dissolved  Solids 

mg/L 

260 

260 

260 

Oxygen 

mg/L 

6 

6 

6 

Sulfate 

mg-SCfi/L 

20 

20 

20 

Nitrate 

mg-N/L 

6.3 

10.2 

18.1 

mg-NOj/L 

28 

45 

80 

IX  Flow  Distribution 

Total  Flow  Rate 

gpm 

1000 

1000 

1000 

Bypass  Flow  Rate 

gpm 

280 

280 

280 

IX  Flow  Rate 

gpm 

720 

720 

720 

Effluent  Treatment  Goals  (post-blending) 

Nitrate 

mg-N/L 

4.0 

6.8 

6.8 

mg-NOs/L 

17.7 

30.0 

30.0 

7.2  COST  DRIVERS 


The  main  drivers  for  the  capital  cost  are  the  nitrate  concentration  in  influent  water  and  the  target 
nitrate  concentration  in  effluent  water.  Since  the  MBfR  system  can  achieve  an  effluent  nitrate 
concentration  down  to  0.5  mg  N/L  or  less,  it  is  not  necessary  to  treat  the  entire  influent  stream 
with  MBfR  to  meet  target  effluent  concentrations.  Hence,  part  of  influent  water  can  bypass  the 
MBfR  system  and  be  blended  with  the  MBfR  effluent  to  meet  the  target  nitrate  concentration. 
The  nitrate  concentration  in  the  influent  water  and  the  target  nitrate  concentration  in  the  effluent 
water  will  eventually  detennine  the  bypass  ratio  of  influent  water  to  the  MBfR  system.  A  higher 
bypass  ratio  requires  a  smaller  equipment  size,  which  will  reduce  the  capital  cost. 

One  of  the  main  drivers  for  the  operational  cost  of  the  MBfR  system  is  electricity  for 
recirculation  pumps.  The  electricity  for  the  recirculation  pump  can  account  for  up  to  60%  of  the 
operational  cost.  In  general,  the  recirculation  flow  increases  in  proportion  to  the  MBfR  system 
size.  As  described  above,  the  system  size  is  largely  affected  by  the  MBfR  system  bypass  ratio, 
and  the  MBfR  system  bypass  ratio  will  be  mostly  detennined  by  influent  nitrate  concentrations 
and  the  target  effluent  nitrate  concentrations.  Hence,  the  nitrate  concentrations  are  the  most 
important  factor  affecting  both  the  capital  and  operational  costs  of  the  MBfR  system. 
Consumption  of  process  chemicals  such  as  hydrogen  gas,  carbon  dioxide  gas,  and  phosphoric 
acid  are  other  important  factors  for  the  operation  cost.  The  chemicals  are  critical  for  the 
biological  reduction  of  DO  and  nitrate,  and  need  to  be  supplied  to  the  system  continuously.  The 
chemical  cost,  particularly  hydrogen  and  carbon  dioxide,  account  for  a  significant  portion  of  the 
MBfR  system  operational  costs. 

7.3  COST  ANALYSIS 

7.3.1  MBfR  System 

Table  7.6  shows  the  capital  cost  estimate  for  the  MBfR  system  under  different  operating 
scenarios.  Scenarios  1  to  3  considered  the  design  that  was  used  for  the  Demonstration  project. 
Scenarios  4  to  6  are  based  on  the  modified  MBfR  design,  which  enhanced  the  system  efficiency 
and  reduced  wastewater  generation.  The  total  installed  cost  estimate  for  the  MBfR  system  ranged 
from  $3,757,100  for  Scenario  4  to  $13,635,500  for  Scenario  3,  and  the  30-year  amortized 
installed  cost  ranged  from  $167,800  for  Scenario  4  to  $608,900  for  Scenario  3.  In  general,  the 
total  installed  cost  was  related  to  the  MBfR  bypass  ratio  and  it  increased  as  the  MBfR  bypass 
ratio  decreased.  As  the  MBfR  system  bypass  ratio  increased,  the  system  required  a  smaller 
equipment  size  that  reduced  the  capital  cost  in  turn. 


89 


Table  7.6  MB  Ik  Capital  Costs 


Cost  Element 

Scenario  1 

Scenario  2 

Scenario  3 

Scenario  4 

Scenario  5 

Scenario  6 

Equipment  Installed  Cost 

$  1,988,100 

$  2,404,300 

$  5,444,400 

$  1,466,200 

$  1,812,400 

$  3,416,600 

Civil  and  Construction  Cost 

$  139,300 

$  165,400 

$  378,600 

$  113,200 

$  139,300 

$  248,100 

Piping  and  Mechanical  Installed  Cost 

$  95,700 

$  113,600 

$  260,000 

$  77,700 

$  95,700 

$  170,400 

Electric  and  I&C  Installed  Cost 

$  300,000 

$  356,300 

$  815,700 

$  243,800 

$  300,000 

$  534,400 

Subtotal  Direct  Cost 

$  2,523,000 

$  3,039,500 

$  6,898,600 

$  1,900,800 

$  2,347,300 

$  4,369,400 

Permit  Fees  and  Sales  Taxes 

$  302,800 

$  364,800 

$  827,900 

$  228,100 

$  281,700 

$  524,400 

Bond  and  Insurance 

$  75,700 

$  91,200 

$  207,000 

$  57,100 

$  70,500 

$  131,100 

Subtotal  A 

$  2,901,400 

$  3,495,400 

$  7,933,400 

$  2,185,900 

$  2,699,400 

$  5,024,800 

General  Conditions 

$  290,200 

$  349,600 

$  793,400 

$  218,600 

$  270,000 

$  502,500 

Contractor  Overhead  and  Profit 

$  435,300 

$  524,400 

$  1,190,000 

$  327,900 

$  404,900 

$  753,800 

Subtotal  B 

$  3,626,700 

$  4,369,200 

$  9,916,700 

$  2,732,400 

$  3,374,200 

$  6,281,000 

Contingency 

$  906,700 

$  1,092,300 

$  2,479,200 

$  683,100 

$  843,600 

$  1,570,300 

Subtotal  C 

$  4,533,400 

$  5,461,500 

$  12,395,900 

$  3,415,500 

$  4,217,700 

$  7,851,200 

Engineering  Design  Services 

$  453,400 

$  546,200 

$  1,239,600 

$  341,600 

$  421,800 

$  785,200 

Total  Installed  Cost 

$  4,986,700 

$  6,007,700 

$  13,635,500 

$  3,757,100 

$  4,639,500 

$  8,636,300 

Installed  Cost,  30  Year  Amortized 

$  222,700 

$  268,300 

$  608,900 

$  167,800 

$  207,200 

$  385,700 
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Table  7.7  MBfR  Operation  Cost 


Cost  Element 

Scenario  1 

Scenario  2 

Scenario  3 

Scenario  4 

Scenario  5 

Scenario  6 

Electricity 

$  90,900 

$  114,400 

$  269,300 

$  67,300 

$  78,900 

$  162,800 

Coagulant 

$  3,800 

$  3,400 

$  6,200 

$  3,800 

$  3,400 

$  6,200 

Phosphoric  Acid 

$  4,400 

$  3,900 

$  7,100 

$  4,400 

$  3,900 

$  7,100 

Hydrogen 

$  18,200 

$  23,700 

$  72,600 

$  5,900 

$  7,600 

$  23,300 

Carbon  Dioxide 

$  5,500 

$  7,900 

$  26,300 

$  12,100 

$  17,600 

$  58,500 

Aeration 

$  13,200 

$  16,100 

$  42,300 

$  7,200 

$  6,900 

$  11,700 

Membrane  Replacement 

$  13,000 

$  16,400 

$  39,300 

$  9,400 

$  11,300 

$  23,600 

Annual  Operation  Cost,  30 

Year  Amortized 

$  149,000 

$  185,800 

$  463,100 

$  110,100 

$  129,600 

$  293,200 

Table  7.8  MBfR  Annual  Project  Cost 


Cost  Element 

Scenario  1 

Scenario  2 

Scenario  3 

Scenario  4 

Scenario  5 

Scenario  6 

Installed  Cost, 

30  Year  Amortized 

$ 

222,700 

$ 

268,300 

$ 

608,900 

$ 

167,800 

$ 

207,200 

$ 

385,700 

Annual  Operation  Cost, 

30  Year  Amortized 

$ 

149,000 

$ 

185,800 

$ 

463,100 

$ 

110,100 

$ 

129,600 

$ 

293,200 

Annual  Total  Project  Cost, 

30  Year  Amortized  ($) 

$ 

371,700 

$ 

454,100 

$ 

1,072,000 

$ 

277,900 

$ 

336,800 

$ 

678,900 

Annual  Total  Project  Cost, 

30  Year  Amortized  ($/MG) 

$ 

706 

$ 

863 

$  2,037 

$ 

528 

$ 

640 

$ 

1,290 
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Scenarios  1  to  3  considered  the  design  that  was  used  for  the  Demonstration.  Scenarios  4  to  6  are 
based  on  the  modified  MBfR  design  that  enhanced  the  system  efficiency  and  reduced  wastewater 
generation.  The  total  installed  cost  estimate  for  the  MBfR.  system  ranged  from  $3,757,100  for 
Scenario  4  to  $13,635,500  for  Scenario  3  and  the  30-year  amortized  installed  cost  ranged  from 
$167,800  for  Scenario  4  to  $608,900  for  Scenario  3.  In  general,  the  total  installed  cost  was 
related  with  the  MBfR.  bypass  ratio  and  it  increased  as  the  MBfR.  bypass  ratio  decreased. 

Table  7.7  shows  operational  costs  for  the  MBfR.  system.  Those  costs  ranged  from  $110,100  for 
Scenario  4  to  $463,100  for  Scenario  3.  Electrical  power  was  the  major  component  of  the 
operational  costs,  accounting  for  approximately  60  percent  of  the  cost.  A  major  power  consumer 
of  the  MBfR  system  is  the  recirculation  pump  for  the  MBfR  vessels.  Recirculation  flow  rate 
increases  as  the  bypass  ratio  decreases  (i.e.,  as  the  MBfR  system  treats  more  influent  water), 
resulting  in  higher  operational  cost.  The  cost  for  chemicals  including  hydrogen  is  the  other 
important  parameter  accounting  for  20  to  30  percent  of  the  operational  cost. 

Table  7.8  presents  total  30-year  amortized  project  costs  for  the  MBfR  system.  The  30-year 
amortized  project  cost  ranges  from  $277,900  for  Scenario  4  to  $1,072,000  for  Scenario  3. 

7.3.2  IX  System 

For  the  IX  system,  the  capital  cost  does  not  change  between  the  scenarios  since  the  same  influent 
stream  is  treated  by  IX  while  the  regeneration  cycle  is  varied  by  the  nitrate  loading.  Table  7.9 
shows  the  capital  cost  estimate  for  the  IX  system,  and  for  all  three  scenarios  the  total  installed 
cost  was  $4,510,800,  with  a  30-year  amortized  installed  cost  of  $201,500. 


Table  7.9  IX  Capital  Cost 


Cost  Element 

Scenarios  1,  2,  and  3 

Equipment  Installed  Cost 

$  1,613,700 

Civil  and  Construction  Cost 

$  216,900 

Piping  and  Mechanical  Installed  Cost 

$  151,700 

Electric  and  I&C  Installed  Cost 

$  300,000 

Subtotal  Direct  Cost 

$  2,282,100 

Permit  Fees  and  Sales  Taxes 

$  273,900 

Bond  and  Insurance 

$  68,500 

Subtotal  A 

$  2,624,400 

General  Conditions 

$  262,500 

Contractor  Overhead  and  Profit 

$  393,700 

Subtotal  B 

$  3,280,500 

Contingency 

$  820,200 

Subtotal  C 

$  4,100,700 
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Cost  Element 

Scenarios  1,  2,  and  3 

Engineering  Design  Services 

$  410,100 

Total  Installed  Cost 

$  4,510,800 

Installed  Cost,  30  Year  Amortized 

$  201,500 

Table  7.10  shows  the  operational  cost  estimate  for  the  IX  system.  The  30-year  amortized 
operation  cost  ranges  from  $1,261,800  for  Scenario  1  to  $1,620,000  for  Scenario  3.  IX 
regeneration  waste  discharge  accounts  for  the  major  portion  of  the  cost.  The  cost  generally 
increases  as  nitrate  loading  to  the  IX  system  increases.  The  30-year  amortized  annual  project 
costs  are  estimated  at  $1,463,300  for  Scenario  1,  $1,466,600  for  Scenario  2,  and  $1,821,500  for 
Scenario  3  as  shown  in  Table  7.11. 


Table  7.10  IX  Operational  Cost 


Scenario  1 

Scenario  2 

Scenario  3 

Salt 

$  39,400 

$  50,900 

$  95,000 

Prefilter 

$  10,800 

$  10,800 

$  10,800 

IX  Resin  Replacement 

$  2,500 

$  2,500 

$  2,500 

IX  Regeneration  Waste  Disposal 

$  1,209,100 

$  1,200,900 

$  1,511,700 

Annual  Operation  Cost,  30  Year 
Amortized 

$  1,261,800 

$  1,265,100 

$  1,620,000 

Table  7.11  IX  Annual  Project  Cost 


Scenario  1 

Scenario  2 

Scenario  3 

Installed  Cost,  30  Year  Amortized 

$  201,500 

$  201,500 

$  201,500 

Annual  Operation  Cost,  30  Year  Amortized 

$  1,261,800 

$  1,265,100 

$  1,620,000 

Annual  Project  Cost,  30  Year  Amortized 

$  1,463,300 

$  1,466,600 

$  1,821,500 

Annual  Total  Project  Cost, 

30  Year  Amortized  ($/MG) 

$  2,781 

$  2,787 

$  3,462 

7.3.3  Comparison  of  the  Technologies 

A  comparison  between  the  MBfR  system  and  the  IX  system  shows  that  the  MBfR  system  has 
higher  capital  cost  for  scenarios  1  through  3  (Table  7.12).  However,  under  the  given  operational 
cost  calculation  basis  shown  in  Table  7.2,  the  operational  cost  of  the  IX  is  much  higher  than  that 
of  the  MBfR.  Especially  for  the  IX  system,  the  operational  cost  is  largely  affected  by  the 
wastewater  discharge,  and  costs  can  vary  widely  by  site.  While  wastewater  from  the  MBfR 
system,  which  is  mostly  from  media  backwash  waste  and  MBfR  sparging  water,  can  be 
discharged  through  the  municipal  sanitary  sewer  after  removing  some  of  suspended  solids, 
wastewater  generated  during  IX  regeneration  cannot  be  directly  discharged  to  the  municipal 
sewer  mainly  due  to  the  high  salt  concentration.  Wastewater  discharge  cost  can  be  extremely 
high  and  this  can  inhibit  the  implementation  of  IX  technology.  For  example,  for  the  Rialto  Well 
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22  site,  hauling  IX  regeneration  wastewater  off-site  to  the  nearest  treatment  facility  was 
approximately  $0.10  per  gallon.  Considering  the  amount  of  regeneration  wastewater  from  the  IX 
system,  the  30-year  amortized  annual  operation  cost  for  regeneration  wastewater  was  estimated 
to  be  $1,209,000  for  Scenario  1,  $1,201,900  for  Scenario  2,  and  $1,511,700  for  Scenario  3. 
These  costs  alone  are  higher  than  the  total  project  costs  for  the  MBfR  system  when  compared 
under  the  same  operational  scenarios.  An  evaporation  pond,  a  zero  liquid  discharge  system,  or  an 
on-site  waste  reduction  facility  can  be  other  options  to  handle  the  IX  regeneration  waste.  This 
decision  can  be  made  only  after  careful  consideration  of  all  site-specific  conditions,  including 
availability  of  the  discharge  sites,  proximity  to  the  treatment  facility,  land  availability,  land  cost 
and  electric  cost.  The  IX  regeneration  waste  handling  cost  is  the  main  driver  for  the  IX  system, 
which  could  affect  the  process  selection  between  the  IX  and  the  MBfR.  The  MBfR  system  can 
be  a  viable  option  for  nitrate  removal  especially  when  it  is  difficult  to  find  an  economical 
solution  to  handle  the  IX  regeneration  wastewater. 

The  MBfR  was  also  compared  with  a  previous  study,  ESTCP  project  0544,  “Direct  Fixed-Bed 
Biological  Perchlorate  Destruction  Demonstration”  (Brown  et  al.  2008).  This  project  estimated 
the  cost  of  a  FXB  for  perchlorate  removal.  For  the  comparison  of  the  two  studies,  it  should  be 
first  noted  that  the  FXB  system  project  cost  is  estimated  in  2008  based  on  a  2.8  percent  discount 
rate,  while  the  MBfR  system  in  this  study  is  estimated  in  2013  based  on  a  2.0  percent  discount 
rate.  In  the  FXB  system,  the  main  cost  drivers  were  DO  and  nitrate  concentrations,  similar  to  the 
MBfR  system,  even  though  the  main  target  of  the  technology  was  perchlorate.  The  FXB  also 
treated  the  entire  1,000  gpm  flow  stream.  In  the  FXB  system,  due  to  the  very  low  level  of 
perchlorate  in  influent  water  and  low  electron  donor  demand,  the  perchlorate  concentration 
affects  the  project  cost  very  little.  Figure  7.3  shows  a  comparison  between  the  MBfR,  IX,  and 
FXB  systems  for  a  1,000  gpm  system  and  water  quality  outlined  under  scenario  1.  Based  on 
1,000  gpm  influent  flow  with  28  mg/L  of  nitrate  in  influent  water,  the  30-year  amortized  project 
cost  of  the  FXB  system  was  $384,000,  which  is  similar  to  the  30-year  amortized  project  cost  of 
$371,700  for  the  MBfR  system  tested  at  the  Demonstration  plant  (Scenario  1).  However,  when 
compared  with  the  modified  MBfR  design  (Scenario  4),  the  MBfR  system  shows  approximately 
30%  lower  project  cost  of  $277,900.  The  comparison  with  the  FXB  and  the  IX  implies  that 
MBfR  cost  can  be  lower  or  equivalent  to  competing  biological  reduction  technologies  and  thus 
can  be  a  competitive  technology  for  nitrate  removal. 
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Figure  7.3  Comparison  of  MBfR  30-Year  Amortized  Capital  and  Operating  Costs  with  IX 

and  FXB  operating  at  1,000  gpm 
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8.0  IMPLEMENTATION  ISSUES 


The  MBfR  system  for  treatment  of  nitrate  and  production  of  potable  water  was  shown  to  be 
possible  and  effective.  The  MBfR  system  is  ready  for  applications  involving  treatment  of 
drinking  water  sources  contaminated  with  nitrate.  Implementation  for  treatment  of  nitrate 
requires  meeting  necessary  permitting  regulations  and  that  the  key  findings  from  this 
Demonstration  are  integrated  into  a  full-scale  process.  The  MBfR  can  be  designed  to  treat  source 
waters  with  different  nitrate  concentrations.  Sulfate  will  not  affect  treatment  of  nitrate  because 
the  MBfR  is  not  operated  under  sufficiently  reducing  conditions  when  treating  nitrate.  Treatment 
of  perchlorate  to  less  than  6  pg/L  was  not  possible  and  requires  further  development.  The 
parallel  research  conducted  by  Arizona  State  University  provides  possible  ways  to  address  this 
current  limitation  (Rittmann  et  al.  2013). 

8.1  REGULATIONS  AND  PERMITS 

All  potable  water  treatment  systems  must  follow  the  SDWA  regulations  established  by  the 
USEPA.  Specific  regulations  under  the  NPDWR  are  the  SWTR  including  the  interim.  Long 
Term  1,  and  Long  Term  2  Enhanced  SWTR;  Total  Colifonn  Rule;  URCMR  1;  FBRR;  Stage  1 
and  Stage  1  DBP  Rules;  Groundwater  Rule;  and  the  Lead  and  Copper  Rule.  Additional  state 
requirements  and  regulations  may  apply  if  the  state  is  provided  primacy  to  implement  the 
regulations.  The  regulatory  agency  within  the  State  of  California  that  has  been  delegated  primacy 
is  the  CDPH.  The  CDPH  has  set  more  stringent  primary  and  secondary  MCLs  under  Title  22  of 
the  CCR  (Social  Security),  Division  4  (Environmental  Health).  The  CDPH  is  responsible  for 
certifying  drinking  water  treatment  technologies  pursuant  to  California  Health  and  Safety  Code 
Section  1 16830.  The  CDPH  is  also  responsible  for  pennitting  drinking  water  supplies. 

All  applicable  Federal  and  State  regulations  and  requirements  must  be  met  for  a  full-scale  MBfR 
system  for  potable  water  treatment  including,  but  are  not  limited  to: 

•  Compliance  with  primary  drinking  water  standards  for  nitrite. 

•  Filtration  to  remove  suspended  solids  and  bacteria. 

•  Disinfection  to  ensure  that  the  potable  water  supply  does  not  contain  pathogenic  bacteria 
(e.g.,  E.  coli,  fecal  coliforms,  and  total  coliforms)  or  elevated  levels  of  heterotrophic 
bacteria. 

While  there  are  currently  no  Federal  regulations  for  perchlorate  in  place,  the  USEPA  has 
established  an  Interim  Drinking  Water  Health  Advisory  of  15  pg/L.  In  February  2011  EPA 
released  the  detennination  that  perchlorate  met  the  SDWA  criteria  for  regulation  and  EPA  is 
currently  in  the  process  of  establishing  an  MCL  (Lehman  and  Subramani  2011).  The  CDPH  has 
developed  rules  that  are  more  stringent  and  established  a  State  MCL  of  6  pg/L  as  of  October 
2007. 


8.2  END-USER  CONCERNS 

The  results  of  this  Demonstration  study  showed  that:  1)  the  MBfR  bioreactor  treatment  system 
provided  consistent  and  robust  nitrate  removal  and  high  but  incomplete  perchlorate  removal;  2) 
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aeration,  media  filtration,  and  disinfection  provided  effective  post-treatment  but  filtration 
required  further  optimization;  3)  system  operation  was  straightforward,  requiring  no  specialized 
training;  4)  the  bacterial  communities  in  these  systems  were  indigenous  organisms  that  formed  a 
biofilm  within  approximately  one  month;  and  5)  total  water  production  costs  are  lower  than 
conventional  IX  treatment.  A  full-scale  MBfR  system  for  nitrate  treatment  and  potable  water 
generation  is  in  the  process  of  being  permitted  at  Cucamonga  Valley  Water  District.  The 
combination  of  data  from  this  Demonstration  project  in  conjunction  with  regulatory  approval  of 
a  full-scale  system  will  support  additional  work  and  willingness  to  design  and  operate  this 
technology  full-scale. 

An  end-user  concern  is  use  of  hydrogen,  a  flammable  gas.  The  data  presented  herein 
demonstrated  that  this  issue  was  easily  managed  and  did  not  necessitate  extraordinary  efforts. 
Specifically  the  following  observations  and  actions  were  part  of  this  Demonstration: 

•  Hydrogen  was  supplied  using  an  on-site  generation  system  with  back-up  cylinders.  The 
cylinders  were  contained  on  a  gas-supply  pad  that  stabilized  and  manifolded  the  supply 
gases  together. 

•  Flammable  gas/no-smoking  placards  were  used. 

•  LEL  sensors  stopped  the  system  when  hydrogen  was  detected. 

•  Liquid  nitrogen  was  supplied  in  a  commercially  available  dewar.  From  a  cold  surface 
hazard  perspective,  liquid  nitrogen  is  handled  the  same  as  liquid  oxygen  at  hospitals  and 
other  commercial  facilities. 

•  Liquid  carbon  dioxide  was  supplied  in  cylinders  similar  to  hydrogen  back-up  cylinders. 
These  were  secured  in  the  same  containment  area  as  hydrogen  and  nitrogen. 

8.3  PROCUREMENT 

APTwater  provides  a  commercially  available  MBfR  skid  system,  called  ARoNite™.  The  system 
includes  MBfR  vessels  and  auxiliary  equipment,  which  may  include  downstream  processing 
(aeration,  media  filtration,  disinfection),  based  on  customer  requirements.  Procurement  of 
compressed  or  liquefied  gases  can  be  accomplished  through  a  variety  of  national  vendors.  Gas 
generators  are  specialized  pieces  of  equipment  but  are  available  from  several  manufacturers.  Gas 
manifolds  and  distribution  systems  are  not  off-the-shelf  and  will  require  engineering  design  and 
custom  fabrication. 
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Sodium  Hypo  Tank: 
Phosphate  Tank: 
Phosphate  Feed  Rate: 
Bag  Filter  dp: 

C02  Cylinder  Pressure: 
H2  Cylinder  Pressure: 


gpm  g" 

BPm  3)0 

7,  S 

7  (*> 

mV  ”557 


0*1  o  S*l<oCs  fl 


J.3 

_X _ 

O 

Q  *■ 

~7oo 


Notes: 

APT  oio  -Si-rfe 

Zvcp-CA-X't?  ft=&>  EAre 
tv>  Miri^AT-e _ . fife  4-.S 

AfcElT/O^AtL. 

!hPC,l+*  t±££l 

J3> )  s TIZOK&  An>)> 


I _ I - 1 - — 

V 

/  P&fBUZ**  /M  P&6&  TumP.  £tP€  topggp  ?N>  THe 

gat*M.  APT  tfrALL-ZO  Av&vo  yftMPie  Z-OCWnoh*  r/VPS  Peg. _ sp-too  ah p  SF-20C 

]L£AT>t^<;  fe  PiCLft  An»Ac^>5  j&Z*  toHP^<££>  A/->Y 

J«r  NJoTHiMfi  fu>t£  \n$>i3ce..  A  PT  5gr  £?g  cuu>jZ-iK>e  £>c&£  7  o _ 

T/l-ta/z-  y'£$r6£J>A'J*  M<ZA<*uteJ>  fu>u>  ZfiTf.  _ £<-,3.  />uHp  r±  £*“£  ■$-£■/ - 

sr/aoxg  /^6TM  I  mi  VgitPS  tfyfo)c 


Ip!7£>  .3*7 A*t>  <34^1-  To  PHOSPHATC  T(4wK, 

O  A 


luftTfcP- 


5t9Mt  — p  iLjt*\tv 


4Afr  fktU  '  S>«76^)^  t'J 

'  &'°  ?ppr~  lM 

l*tf(  WOr*  :  6’H*  TfiA  to 


Data  Log 


y 


ESTCP:  Tech1  jy  Demonstration  Plan 
Perchlorate  Destruction  uo<hg  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Date: 

*r//4/  it 

Time: 

9 : 

Operator: 

pyfl- Aj;e/_  3£Acrke£f- 

Lead  Reactor: 


AL 


y 


Notes: 


APT  rAP-^CT  Cuomj  AATC  £jg£M  7 +&  jQ  , 


Manual  Site  Data: 

Outlet  Totalizer: 

gal 

3l3JXo 

Target  Flow  Rate: 

gpm 

to 

Internal  Recycle  Rate; 

gpm 

310 

MBfR  1  pH: 

- 

7,5L 

MBfR  2  pH: 

- 

MBfRI  ORP: 

mV 

-5  3 

MBfR  2  ORP: 

mV 

~~(b  £3" 

Nitrate  Analyzer: 

mg-N/L 

Nitrate  Analyzer  Frequency: 

Hz 

53-5-0 

Last  N  Feed 

ppm  (N) 

Last  N  R1 

LaStN  R2 

3,5.6 

Air  Flow  (Aeration): 

scfm 

A -7 

Air  Tank  Pressure: 

psi 

3,0 

Sodium  Hypo  Tank: 

gai 

/a- 

Phosphate  Tank: 

gai 

3,4/ 

Phosphate  Feed  Rate: 

ml/m  in 

3  ... 

Bag  Filter  dp: 

psi 

0 

C02  Cylinder  Pressure: 

psi 

O 

H2  Cylinder  Pressure: 

psi 

~7£>0 

-EPM  a  Tg*  fc>a<t 

IEjSSL 


5 ecu. Ttor^S _ A  OP &OT  TI4& _ fcfeJld^jbASJ. 
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\ 

) 


Data  Log  yit 


ESTCP:  Techi  y  Demonstration  Plan 
Perchlorate  Destruction  Doing  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Date: 

"sy^sTTf 

Time: 

Operator: 

Ck^i*?©  ,%Rc^£>Ff 

Lead  Reactor: 


Notes: 


TO?P£i>  PnosFHkTS  TAiOxs  Atx>e&  3_UL*U: 


Manual  Site  Data: 

Outlet  Totalizer: 

gal 

J>?6  oyc 

Target  Flow  Rate: 

gpm 

to 

Internal  Recycle  Rate: 

gpm 

3iO 

MBfR  1  pH: 

- 

73- 

MBfR  2  pH: 

- 

W2EM 

MBfR  1  ORP: 

mV 

-33 

MBfR  2  ORP: 

mV 

wsm 

Nitrate  Analyzer: 

mg-N/L 

3.(0% 

Nitrate  Analyzer  Frequency: 

mm 

s&n 

Last  N  Feed 

ppm  (N) 

Last  N  Rl 

«£.3) 

Last  N  R2 

WcWtt 

Air  Flow  (Aeration): 

scfm 

Air  Tank  Pressure: 

psi 

Sodium  Hypo  Tank: 

ga! 

V/M 

Phosphate  Tank: 

gal 

c?*  oi. 

Phosphate  Feed  Rate: 

ml/mln 

a 

Bag  Filter  dp: 

psi 

© 

C02  Cylinder  Pressure: 

psl 

o 

H2  Cylinder  Pressure: 

psi 

Irs&H 

APT  M<e  Tfte  AflRg  PuRGS.  tZATK  OKJ  6-ACM  RgAcrpR  TU€>A  £A Ci-i  PctRC£  C/roEo-c 

Ri  ,-3  KU&RUZ-S  Pe/3.  -gcag/sif?  A/QD  p .3. _  ..&Wr5  @  6uBi?<Le  P£Rjs£.-csmC>, 

gl  PJ£>  aJqt~  f-l4v£-  AMV  Mj&l'>-rutL£  ia)  IT $  L/M&S  c  A3  /VAO  ^0,5^1-  quqZ-Th  cF  HQ^u^jE  rV^T. 


fvWg  o^t  cf  tr%  c//o&> ,  D*t>  this  (@  /3;yot>>*  „  AT  f:HQf>b\  APT  tit\0  /NcceASC  Pu/z(j£  &4T&  oaj 
Rl  To  /-aitAr  THAT  OF  £jL  »•«>  ies r  /te  pcss/Bce*  Both  £u&g£te  <®  ^  &  bubbles  Jseayoto* 


f^cT^r?  To  T6i?r  frMgfl\Cd  '  * ^  eeJUJ>  S'  £>£>c  (zg’Ot*^  f  c>h>u/  £>&i±T'  j? 

i^CctxsJ  2  S$2>mL-  £,*■  '4wma)a  fond'' /s/<9Wg 

*  fJe<z$  p fe-prntW  Coc*  ^ 


&  A-)eeJ  Aeto  e-F  /00  voA 

tsJiejk  #ll  ueeKkj  Isoirk^ 
*  MeTe  MaaaU.  LlW(S- 


b>jb\c\  p^^tArjy £-  oaj  -m-omDAiV- 

'r'  '  (\#A  fr), 

^/^r/f(  awP  tvV<; _ 


Data  Log'  ?t 


Date:  1 1 

Time:  3  2  3  b  ~ _ 

Operator: _ Ap-HC-Al^ 


ESTCP:Techr  y  Demonstration  Plan 
Perchlorate  Destruction  u.-,.iig  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Lead  Reactor: 


F2- 


Paramete 

s 

c 

=3 

Influent 

DC 

£ 

£ 

CM 

a: 

& 

s 

Aeration 

o  .£ 

«  e 

sD 

2 

Media  Fitt 
Effluenl 

Finisher 

Water 

i-  c 

<| 
®  5 

pH  - 

7, 4*7 

•7-70 

7*7*4 

7- <78- 

&S  It 

7*fcr 

H 

Temperature 

re) 

w  -fe 

“W^ 

/<?*r 

1*1  :  \^'if 

h  *^ 

IR 

ORP 

(mV) 

loo 

-ISO) 

— 7<c> 

1  •.  11  &<D 

\OC> 

|H 

Dissolved  Oxvaen 

(mq/L) 

2..S" 

7 

BIT, 

|  V 

« 

|jB 

Nitrate 

(mg/L) 

ms 

^7 

UH 

IT; 

1  1  !|  jl 

(o'S~ 

u 

Nitrite 

(mg/L) 

£ 

J*7T 

■ 

iilltF 

1:1  Ellilili 

<'7? 

|K 

Sulfide 

(mp/L) 

0 

iBinim 

& 

|B 

Turbidity 

(NTU) 

■■ 

HI 

&.7>/ 

— 

DSbg 

0*21 

dH 

Chlorine  Residual 

(ma/L) 

HH 

i  •  is 

di 

inn 

& 

§§§ 

Manual  Site  Data: 


Outlet  Totalizer: 

gai 

2T872. 

Target  Row  Rate: 

gpm 

1 C 

Internal  Recycle  Rate: 

gpm 

2 -tO 

MBfR  1  pH: 

'7S' 

MBfR  2  pH: 

7>S 

Noles:  fliw  XMeuA&wT  f^^wSc&I^At^pLBrS.  -na,t*-g-N  Artec*-  »HosrH>vte 

yH&^pyt&Te  'T&rbl  ff-  ts.  •  >46tM  ■gov.UTtou  lajA-S  M.bg'  •*»■>■ 

op  O-S'Z  w^-p/l  *  apt  on  sire  s^s-cfe* 

APT  Vto»&  g^ufep-ATgp  yW  AMO  gg-*’  <S&w;oft-C  FpP —  A(*& 


MBfR  1  ORP: 

mV 

~(p&r 

MBfR  2  ORP: 

mV 

Nitrate  Analyzer 

mg-N/L 

c^?sr 

Nitrate  Analyzer  Frequency: 

Hz 

S-2ST 

Last  N  Feed 

ppm  |N) 

Last  N  R1 

$**H 

LastN  R2 

q.Lf*f 

Air  Flow  (Aeration): 

scfm 

1.(J> 

Air  Tank  Pressure: 

psi 

^l6_ 

Sodium  Hypo  Tank: 

gal 

4r 

Phosphate  Tank: 

gal 

Phosphate  Feed  Rate: 

ml/mln 

2 

Bag  Filter  dp: 

psi 

4? 

C02  Cylinder  Pressure: 

psi 

72* 

H2  Cylinder  Pressure: 

psi 

i  yp&-  ^looj  VifzxB c  lo<=5r«>tM  <&■»»£>  e-owc. 
^  ^^M.r  J>(buj*3  gp6>»*  ta*»o  —  -  3e>  • 

^a-» _ 


%  P4$.U 


B-14 


Data  Log  3t 


ESTOP:  Techr  y  Demonstration  Plan 
Perchlorate  Destruction  c-.hg  Membrane  Biofilm  Reduction 
ESTOP  Project  Number  ER-200541 


Date: 

3-)t 

Time: 

Oi  ’  * 

1  »  c 

Operator: 

DAyJ 

D&fi  okoFF 

Lead  Reactor: 


I  Manual  Site  Data: 

i _ _ _ 

Outlet  Totalizer: 


Target  Flow  Rate: 


Internal  Recycle  Rate: 


MBfR  1  pH: 


MBfR  2  pH: 


MBfR  1  ORP: 


MBfR  2  ORP: 


Nitrate  Analyzer: 


.  rue  VAIV&  TO  Pta^P 


Air  Flow  {Aeration): 


Air  Tank  Pressure: 


Sodium  Hypo  Tank: 


Phosphate  Tank: 


Phosphate  Feed  Rate: 


Bag  Filter  dp: 


C02  Cylinder  Pressure: 


H2  Cylinder  Pressure: 


K>0 

&  ■ 

hSSiii Mil 

r 

All.  uM&K  iaP& 

aj  tPeoi/J 

psi  |  (£) 

o 


tt°° 


UP 


S  Lot £?AJ 


■r 


QetoeA-AT&fZ-  zroPP&b 
bJ£e)<£h>Z>, 


OteU-{  MV>tr>  TGOibj  /z6Kfit)KxSt  ^  MdiKUf  6K  So  TffAT  Jt4*± 

Tb  ALT&fLh)  ArT<£r  ^  PACK* 


B-15 


Data  Log  F 

■  ) 


Date: 

OS  /*2S7n 

Time: 

^ioof 

Operator: 

AP-UC^LH 

ESTOP:  Technr'  V  Demonstration  Plan 
Perchlorate  Destruction  k  j  Membrane  Biofilm  Reduction 
ESTOP  Project  Number  ER-200541 


Lead  Reactor: 


TT 


Notes: 


A?r  n trVLATE  \io  p~e&v>^6c<  pooler  fer^pep 


Manual  Site  Data: 

Outlet  Totalizer: 

gal 

iioHyif 

Target  Flow  Rate: 

gpm 

Internal  Recycle  Rate: 

gpm 

2 (o 

MBfR  1  pH: 

"7z. 

MBfR  2  pH: 

*7*  2. 

MBfR  1  ORP: 

mV 

-103 

MBfR  2  OHP: 

mV 

Nitrate  Analyzer: 

mg-N/L 

Nitrate  Analyzer  Frequency: 

Hz 

- — 

Last  N  Feed 

ppm  (N) 

— 

Last  N  R1 

— 

Last  N  R2 

Air  Flow  (Aeration): 

scfm 

/  ..”7 

Air  Tank  Pressure: 

psi 

'S.tT 

Sodium  Hypo  Tank: 

gal 

Yh  f^uu. 

Phosphate  Tank: 

gal 

¥*S" 

Phosphate  Feed  Rate: 

mt/min 

2. 

Bag  Filter  dp: 

psi 

£i  _ 

C02  Cylinder  Pressure: 

psi 

H2  Cylinder  Pressure: 

psi 

Hoo/\-i 

pg'g-  ^  AT  .  J>Av  IS  Lta$ic-o  f  V-.HN)  AT^N-i  pu  yr~H  t -VXiCo  ,  VKvT  ■S'CTE  v=rC>il- 


^T^aug<;-r^b  tpopOt^-Lv^xT-ici^  AKP  '^AVgfe-  ^iaalv-tV  lo\lu 

g~U*4Uu  vt^rrt  (Scug  fjgei/M  <^>t^  Olo^tTE  1>iCf<~-UP  fluu  r°-Asft  R>~>j>  ;^,u~w-p , 


B-16 


Data  Log 


ESTCP:  Techi  y  Demonstration  Plan 
Perchlorate  Destruction  u».ng  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Date: 

5X37/n 

Time: 

)&Af* 

Operator: 

Befe-GKe^c 

Lead  Reactor: 


Temperature 

<°C) 

c 20.7 

£M>,  3 

ORP 

(mV) 

tzr 

-5^3 

-^Wo 

Dissolved  Oxvoen 

(mc/L) 

Nitrate 

(ma/L) 

7 

-4r- 

•AS 

Nitrite 

(mq/L) 

(9 

3~ 

/.S' 

iBH 

Sulfide 

(mq/L) 

o 

O 

O 

o 

Turbidity 

(NTU) 

'1  Eg  : 

hhsh 

Chlorine  Residual 

_ w 

Sfel 

■ 

l  H  3> 


m“o“ 


Notes: 

(Kl3£CTiat^  l/A 
f'(  cu~*  'Tt'  m.  fiS-  'i 
FHv^’HAT^ 


Manual  Site  Data: 

Outlet  Totalizer: 

gal 

Target  Flow  Rate: 

Qpm 

r 

Internal  Recycle  Rate: 

gpm 

*2)0 

MBfR  1  pH: 

7.2. 

MBfR  2  pH: 

7 .Z. 

MBfR  1  ORP: 

mV 

-SSt 

MBfR  2  ORP: 

mV 

'71* 

Nitrate  Analyzer: 

mg-N/L 

a?  >73. 

Nitrate  Analyzer  Frequency: 

Hz 

53  iZ. 

LasfN  Feed 

ppm  (N) 

#,vo 

Last  N  R1 

(2,07 

LastN  R2 

Q>,  “3.0 

Air  Flow  (Aeration): 

scfm 

f  i  (p 

Air  Tank  Pressure: 

psl 

Sodium  Hypo  Tank: 

gal 

Phosphate  Tank: 

gal 

v.r 

Phosphate  Feed  Rate: 

mt/mln 

*2 

Bag  Filter  dp: 

psl 

o 

C02  Cylinder  Pressure: 

psi 

<D 

H2  Cylinder  Pressure: 

psi 

,300 

l/fluy-fi.  TCi/t  PHoSPHAtP-  HMg  kMS  cccSGrP  S OS- 1 

/gAM  /^.rotu  rr.ST  OM  PH  OSPATg  <&gS;KJ& 
<b\LQC-<k?-5>?VLJL<-y  C"t_oU>/tO& _ W? _ eL&jgyjtl  » 


l flivfit*  /ww^PrArt-t 


(0  ££  M  £  to  AMT>  g-<e  j  WSTftK-C) 
-  7/IMg  gggil  (5s) 


B-17 


Data  Log  3t 


ESTCP:Tech  jy  Demonstration  Plan 
Perchlorate  Destruction \,„ing  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Date: 

6-t-  II 

Time: 

f :  ~3e l 

Operator: 

OA/o/ec  {5et±o*t? f 

Lead  Reactor: 


rKT 


T 

1  = 

a  s 

o  E 

i-  0) 

*__= 

1 

5 

sl 

30 

S 

J 

Notes: 

CH GCK€I>  PM 


Manual  Site  Data: 

Outlet  Totalizer: 

gal 

*j\ao7cc 

Target  Flow  Rate: 

gpm 

H3 

Internal  Recycle  Rate: 

gpm 

Q\0 

MBfR  1  pH: 

- 

7-2 

MBfR  2  pH: 

- 

7  3 

MBfRIORP: 

mV 

MBfR  2  ORP: 

mV 

-rWi 

Nitrate  Analyzer: 

mg-N/L 

2,*  V 

Nitrate  Analyzer  Frequency: 

Hz 

5171 

Last  N  Feed 

ppm  (N) 

LastNRI 

C>3o 

Last  N  R2 

Air  Flow  (Aeration): 

scfm 

/  •  (a 

Air  Tank  Pressure: 

psl 

2<  h> 

Sodium  Hypo  Tank: 

gal 

7  r 

Phosphate  Tank: 

gal 

7,,  a 

Phosphate  Feed  Rate: 

ml/mln 

2 

Bag  Filter  dp: 

psl 

<7 

C02  Cylinder  Pressure: 

psl 

H2  Cylinder  Pressure: 

psi 

noo 

orofo 


A&Aihst  Bufyits  -  jZ£±uc££  ee  :  V,  0$,.  7, O SL.  (G.  I  7 ,  rorr  r  rn-osse  && M> 

SULQ-Ogo  To  Tue  C£A£> 


>77?  <x.>luT 

(*0. 


/0/*> 


- ; - 7 - - *— f-'  -  ~7 

5/3  t/ii  T"He  FHotru  Are  Cs.<ao  o/Qg- 


Zufl-C  THAT  CUAAUCAL.  LoAr$  &£ikJci  ft  &  /KlTc  Ho  Me  Vef  JL 

Tnvr£  ny  gA-  T7-?g  A/f<Ul  T  4r  A  Af)&H  t^Wr-  t^U)  Ffet  A-f^T  PHo&Hfi  T& 

fb  TO  /  /MlU6£>ifsT<£Ly  13<L£ n  Siu-T  A)jt-  &U&8LP,  diut>  itifit-FAsr  <zS 


irP-oKe  Ub^&rH  to  £>>/<?  f*-  r>/€  S/5)M  & 


Tuene 


A  totHl 

AfeC> 


fcfltnp  o/J 
TO  <a/\/  n  <5>  &50A* 


©F  0’HqoS  j&ffyP&y  S&iPtrio^  a^>aj>  to  Tyzr<&r-i .  y&r&fiA'j  eretATcp^ 


<%>)*}<$,  — -> £ Al-o  *w?/KT5  f'?0*  ^ 

(hir^NK:  f>'0  A  H©OOf\  DIUaT^^  — 3 ,Gffr~  ~ 

//Of/tM^C*  F//  -?#**}*  TO  /£W>S,TA-cke  b£Me?7  M  A  HP  Petti  As€t>  S’/’AA  To  V6\ 


OOOpror-n,  \  TJ  TkWK 


f 


Data  Log  Sheet 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Date: 

£tp/os/\\ 

Time: 

'  «=T'0£i 

Operator: 

f\0.UCArKS 

eh _ 

Temperature 

ORP _ 

DissoJvedOxyger^ 

Nitrate 

Nitrite 

Sulfide _ 

Turbidity _ 

Chlorine  Residual 


>r: 


/£•& 

£.6T 

o 

_D _ 

0<'2S' 


- jbO 

Q-l 

0  /  /S' 

o 


Aeration 

MBfR  Solids 
Drain 

i= 

sS 

£ 

Finished 

Water 

‘^•55’ 

“7  •‘TY  1 

Teg" 

r^cf 

20' H 

to,c  j 

2.0.7? 

0.0 

Iff  f 

~Wh 

a« 

i  I 

Li: I  h 

7 

~7. S~ 

/-'S' 

'“.fc  I  |ji  ‘ 

11  1 

l-(Jl 

''2 

<9 

ill 

|| 

Jl 5~ 

UR 

<5/6?/ 

— 

'S3 

es*y^ 

Manual  Site  Data: 

Outlet  Totalizer: 

Target  Flow  Rate: 

Internal  Recycle  Rate: 

MBfR  1  pH: 

MBfR  2  pH: 

MBfR  1  ORP: 

MBfR  2  ORP: 

Nitrate  Analyzer: 

Nitrate  Analyzer  Frequency: 
Last  N  Feed 
Last  N  R1 
Last  N  R2 

Air  Flow  (Aeration): 

Air  Tank  Pressure: 

Sodium  Hypo  Tank: 
Phosphate  Tank: 
Phosphate  Feed  Rate: 

Bag  Rlter  dp: 

C02  Cylinder  Pressure: 

H2  Cylinder  Pressure: 


gal 

gpm  ( 0 

9Pm  2-fQ 
-7-  "2- 

mV  —  g'.sf 

mV  -"702. 

mg-N/l 

IEI  svst> 

ppm  <N)  0  r  j 

S ->e>( 


ama  -Z.C  I B-  gegp 


\Aj&L.btnfir  ti  Suyftfay  ,  p-tg^ata-o  yo/ _  ~~L 

Apt  UjAthp-  LS  o^s.tTE-  tp  pggruA  ^.t-oAi-^-zLgifl-  reg£> _ 

TA.p  A-  -Ni-guo  iNj-g-^ClpfrL  Po  UOT  ,  rfUPp  TP  n ^ n a ug TytcoT  Ate'f  _ 

liHg  ■PHoSpH^re  fsggp  ^puyt-P  »  ja&utew  \s  £>fi>s TO  Apt  e»*>  Y^U&L.g^yicioTifr>r3r  ~T<4g  ,ggtupg-tpg 

H6  (OgiA>  ,C<3tUTvoM  >  ^  £^U-Q g-feftjpuAL 

pDuvf„  Ap&pc»  H  6*1 1-  13,$%  Ciz  wATCfc  ffzc ^  Fiwrgft-  gppt.mg> 


mJ7.£ 

rtoo/q. 


frr'TC.  -  ?■  rv. w  ^<^TT3Ki<St  /C<? 

^  EPftugKir-  v - N/ - 

' - - - - - -  K<?'L£>5  _ _ ^ 
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Data  Lon  "beet 


ESTCP:  Techr-'ogy  Demonstration  Plan 
Perchlorate  Destructio,  ng  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Date: 

Co/Ce/u 

Time: 

g>--  -2>o 

Operator: 

Ar^icAkj  ! 

Lead  Reactor: 


Manual  Site  Data: 


Outlet  Totalizer 


Target  Flow  Rate: 


internal  Recycle  Rate: 


MBfR  1  pH: 


MBfR  2  pH: 


Nitrate  Analyzer 


Nitrate  Analyzer  Frequency: 


Air  Flow  (Aeration): 


Air  Tank  Pressure: 


Sodium  Hypo  Tank: 


Phosphate  Tank: 


Phosphate  Feed  Rate: 


Bag  Filter  dp: 


002  Cylinder  Pressure: 


H2  Cylinder  Pressure: 


gal 
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Data  Lon  Sheet 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destructi  sing  Membrane  Biofilm  Reduction 
ESTCP  Pi^jdCt  Number  ER-200541 


Date: 

6-10  -t\ 

Time: 

Operator: 

Daw  8 efcoKtsr-'r1 

Shaded  boxes  are  to  re 

imaln  blank 

Lead  Reactor: 


A! 


Parameter 

3 

c 

D 

Influent 

•Lead 

Reactor 

•Lag 

Reactor 

Aeration 

Media  Filter 
Effluent 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

pH 

7.53 

7,50 

7.5  V 

73<r 

7.?  3 

7,?1 

Temperature 

<°C) 

!9*3l 

«2£>.  2 

P30, 

/9,y 

ORP 

_ 126(1 _ 

/a. 

-3JO 

-5  Vo 

-no 

3o^ 

Dissolved  Oxygen 

_ fiSflii _ 

9 

6U  5" 

o 

Cxp 
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Nitrate 
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6,0 
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Nitrite 
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Sulfide 
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O 

Turbidity 
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— 

CL,  6  o 

o.3<o 

Chlorine  Residual 

_ intaOzi _ 

O 

Miscellaneous  Results: 

Turbidity 


Parameter 


MBfR  Solids  Drain 


Filter  Backwash 


Post  Media  Filter 


(NTU) 


_ 


Chlorine 

Residual 


Manual  Site  Data: 

Outlet  Totalizer: 

gal 

Vc2S‘5  ice 

Target  Row  Rate: 

gpm 

IX 

Internal  Recycle  Rate: 

gpm 

0  to 

MBIR  1  pH: 

7<a_ 

MBIR  2  pH: 

7,A 

MBIR  1  ORP: 

mV 

-36  3- 

MBIR  2  ORP: 

mV 
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Ntola^nwr ^ 

^9*r 

VI 
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VO 

Last  N  Feed 

ppm  (N) 

7.7  V 

Last  N  R1 

V.^H 

Last  N  R2 

log 

Air  Row  (Aeration): 

J.7 

Air  Tank  Pressure: 

sctm 

3  'Ls 

Sodium  Hypo  Tank: 

psi 

(j? 

Phosphate  Tank: 

gal 

y.5 

Phosphate  Feed  Rate: 

gal 

£>,  s' 

Bag  Rlter  dp: 

ml/min 

o 

002  Cylinder  Pressure: 

psi 

loo> 

H2  Cylinder  Pressure: 

psi 

IHOO 

1"’ 
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Data  Lo"  Sheet 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destructi  sing  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Date: 

fc-/  3-  i\ 

Time: 

CD30^ _ 

Operator: 

r><,  Bpje-okoft1 

Shaded  boxes  are  to  remain  Wank 


Lead  Reactor: 


Parameter 

2 

C 

D 

Influent 

•Lead 

Reactor 

•Lag 

Reactor 

Aeration 

Media  Filter 
Effluent 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

£H _ 

7>52l 

7,53 

7*  ST/ 

7,  STD 

7.73 

Temperature 

_ C£1 _ 

/?«% 

19.7 

30,  S 

2>£W 

c3e,i7 

30. 1 

ORP 

_ 1222 _ 

-33  5 
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Dissolved  Oxygen 

_ SE2i) _ 

4 1 _ 
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Nitrate 
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3,0 

Nitrite 
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H 

A  7 

Sulfide 
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Turbidity 

(NTU) 

£?.*/S 

6. *3(0 

Chlorine  Residual 

<mg/L) 

(9 

JAJitralu  Ahflljiur 


cyL ^ 


Parameter 

Turbidity 

(NTU) 

Chlorine 

Residual 

MBfR  Solids  Drain 

— 

Filter  Backwash 

- 

Post  Media  Filter 

.o>  s- 

Manual  Site  Data: 


Outlet  Totalizer: 


Target  Row  Rate: 


Internal  Recycle  Rate: 


MBIR  1  pH: 


MBIR  2  pH: 


MBIR  1  ORP: 


Air  Row  (Aeration): 


Air  Tank  Pressure: 


Sodium  Hypo  Tank: 


Phosphate  Tank- 


Phosphate  Feed  Rate: 


Bag  Rlter  dp: 


002  Cylinder  Pressure: 


H2  Cylinder  Pressure: 


gal 


ppm  (N) 


gal 


gal 


psi 


psi 
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Data  Log  Sheet 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Date: 

&-/  S'-  n 

Time: 

/d>A»A 

Operator: 

2X  3£<ZvKo£$ 

Lead  Reactor: 


Shaded  boxes  are  to  remain  blank 


•  Signifies  either  MBIR  1  or  MBfR  2  depending  on  which  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 
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?P-/coB 

SP-aa* 

Parameter 

Units 

Influent 

•Lead 

Reactor 

•Lag 

Reactor 

Aeration 

Media  Filter 
Effluent 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

ea _ 

Temperature 

<°C> 

ORP 

(mV) 

Dissolved  Oxygen 

(mgfl-) 

Nitrate 

(mgn.) 

Nitrite 

(mg/L) 

Sulfide 

(mg/L) 

Turbidity 

(NTU) 

Chlorine  Residual 

(mgrt.) 
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Parameter 

Turbidity 

(NTU) 

Chlorine 

Residual 

Chlorine 

Residual 

MBfR  Solids  Drain 

Filter  Backwash 

Time 

■40fi  * 

|Pump  setting  (<?o/sp(n) 

|  Post  Media  Filter  | 

1  ,  _ _ 
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Manual  Site  Data: 

Outlet  Totalizer: 

gal 

4 333 W 

Target  Row  Rate: 

gpm 

Internal  Recycle  Rate: 

gpm 

3.\0 

MBIR  1  pH: 

7,2 

MBIR  2  pH: 

7,2 

MBfR  1  ORP: 

mV 

-<b  t\ 

MBfR  2  ORP: 

mV 
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ri^iy”  iwTjiyMimjmix- 

Hz 

Last  N  Feed 

ppm  (N) 

Last  N  R1 
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Last  N  R2 

Co » 1 2. 

Air  Flow  (Aeration): 

/.  7 

Air  Tank  Pressure: 

scfm 

3,% 

Sodium  Hypo  Tank: 

psi 

O 

Phosphate  Tank: 

gal 

3-T 

Phosphate  Feed  Rate: 

gal 
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Bag  Filter  dp: 

ml/min 
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Data  Lr>"  Sheet 


Date: 

<0~  Ur.  -  W 

Time: 

#:JO^ 

Operator: 

IX  SCftcKo^T 

ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruct'  sing  Membrane  Biofilm  Reduction 
ESTCP  Piuject  Number  ER-200541 


>o m 


pr-ic cA  sp^ccj}/ 


Manual  Site  Data: 


i 

E 

re 

a 

Units 

influen 

•Lead 

Reacto 

•Lag 

Reacto 

Aeratio 

Media  Fit 
Effluen 

Finishe 

Water 

GAC  1 
Effluen 

GAC  2 
Effluen 

eiJ _ 

7 1  Cj(l> 

7*65 

7,  T3 

7.*V 

7i  7Ci 

7*  7 

Temperature 

_ i£i _ 

19,0 

l°i,9 

<20,  C? 

3LO.Cs 

ORP 

(mV) 

/  Cd  1 

~DX5c 

-£>C? 

'7  S' 

/ri 

Gs 

Dissolved  Oxygen 

<mfXU 

<\ 

0.5 

O 

7 

Nitrate 

_ (mad.) 

7 

V 

— 

Y 

Nitrite 

_ IM _ 

o 

/<  S 

3 

— 

3 

Sulfide 

(mg/L) 

a 

o 

O 

© 

O 

Turbidity 

(NTU) 

0.77 

Chlorine  Residual 

Outlet  Totalizer: 
Target  Flow  Rate: 
Internal  Recycle  Rate: 
MBfR  1  pH: 

MBfR  2  pH: 

MBIR  1  ORP: 

MBIR  2  ORP: 


_ _ I _ I _ I _ I _ I _ I _ I _ L_ 

*  Signifies  either  MBfR  1  or  MBfR  2  depending  on  which  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  79.  hours 

A/ 


$£CKuf  ^ 


Last  N  Feed 
Last  N  R1 
Last  N  R2 
Air  Row  (Aeration): 

Air  Tank  Pressure: 
Sodium  Hypo  Tank: 
Phosphate  Tank: 
Phosphate  Feed  Rate: 
Bag  Rlter  dp: 

C02  Cylinder  Pressure: 
H2  Cylinder  Pressure: 


gal 

gpm 

/a 

gpm 

2.  i  O 

- 

7.  3- 

7.3* 

mV 

-  303 

mV 

“  GO  3 

mgNft 

-Hz- 

ppm  (N) 

7,9  S 

S.H2 

o.M 

/ ,  7 

sclrn 

3.1$ 

psi 

O 

ga) 

V.  3 

gal 

2.0 

ml/min 

(p 

psi 

SfGO 

psi 

/400 

Miscellaneous  Results: 

Parameter  ^NTI 

MBfR  Solids  Drain  _ 

Filter  Backwash 
Post  Media  Filter 


Notes:  £B£Ct 

Con  lOO  1 

if*  KJL  .  C 
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Data  Lf'"  Sheet  ESTCP:  Technology  Demonstration  Plan 

Perchlorate  Destruct:  sing  Membrane  Biofilm  Reduction 

ESTCP  Piuject  Number  ER-200541 


Date: 

Time: 

Operator: 

^/<20/u 

If,  OOP 

Oc  T5<z  R-Vkvp f 

Lead  Reactor: 

Shaded  boxes  are  to  remain  blank 

5f-3®A 

- - - > 

5P- 

_ 

Parameter 

Units 

Influent 

•Lead 

Reactor 

‘Lag 

Reactor 

Aeration 

Media  Filter 
Effluent 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

EH _ 

7.0(o 

7.^ 

%  V  7 

* 

Temperature 

_ L2 _ 

*?/<), c\ 

<2<P„7 

«?/o 

-CfrLp  V- 

- 

ORP 

_ tafia _ 

/JO 

— 

Dissolved  Oxygen 

_ tti _ 

Nitrate 

_ tti _ 

BH 

Nitrite 

_ ULl _ 

■ 

Sulfide 

_ itsaii _ 

Turbidity 

(NTU) 

Chlorine  Residual 

_ itn^y _ 

.  f  ■ 

#>,5 

*  Signifies  either  MBfR  1  or  MBfR  2  depending  on  which  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  72  hours 


Miscellaneous  Results: 


Parameter 

Turbidity 

(NTU) 

Chlorine 

Residual 

MBfR  Solids  Drain 

Filter  Backwash 

— 

Post  Media  Filter 

>5 _ 

t  I\N  /NKTy'  Y  7  -  VCC 

CMc'rt'i:  o.6  GPU 
^7  p$|  ;  [[ef 


pRttg^T  -T^c /  Z62-  T  6  1 4  S5  4/ 


Manual  Site  Data: 

Outlet  Totalizer: 

gal 

WMoc 

Target  Flow  Rate: 

gpm 

1^ 

Internal  Recycle  Rate: 

gpm 

2io 

MBfR  1  pH: 

- 

7>3L 

MBfR  2  pH: 

7.3l 

MBfR  1  ORP: 

mV 

-on 

MBfR  2  ORP: 

mV 

-IG7L 

Nitrate  Analyzer: 

mg-N/L 

3'.u)  5 

Nitrate  Analyzer  Frequency: 

Hz 

07  ter 

Last  N  Feed 

ppm  (N) 

iJl 

Last  N  R1 

Oi  OCo 

Last  N  R2 

Air  Row  (Aeration): 

/’* 

Air  Tank  Pressure: 

scfm 

3*°\ 

Sodium  Hypo  Tank: 

psi 

30  *  ■ 

Phosphate  Tank: 

gal 

Phosphate  Feed  Rate: 

3- 

Bag  Filter  dp:  p  ^  “J 

■AUmiA-*' 

C02  Cylinder  Pressure: 

psi 

JlOo 

H2  Cylinder  Pressure: 

psi 

/'TOO 

R  i  P A.ff\c  r<\fc 

<3p? 

‘  ^  /  0^> 


linear* 
[5  3  ' 


SE£ 


P3  FLre^,  r<5\+c  f-'  ^ 


Notes:  !G  CikL  /P-ST^c  H^Pu  -A&-AV*b  iM  GrftL  FllTCl^.  EFFllt.£lV)7.  /UlgATT  S^cZ/tJe,  Pe’Q  — 

MlF?;  A  <fffu>£MT  fu^f  £<£t7  ^J<bi4r  SC'T  To  /ooP.  ^TR-c^dr  t£h>c\TH  A-^O  7^  a-q  PoZ. 

AtP  /rJ^gCT)  Q>-|  t^OUMg  bp  /O.  (o  AT~  ^&$/PuA<-  GpJ  Cl  K)  IS  Hg£) 

/T  nve&-  .fiej-'oAG  G£.4V)m<3  S/t&  /  r^LKJf^  MdTdfri/OS-,  To  /<0<9R.  AK>r± 

~Rf)  FfM  A;A  4/J  /T>^ct>J^  \/ztA\r^(:  £>  F  — /  ot^  /I  P'T  7/  4.6  4  AJ/r/£ATF 

/  >' ~  3pv-^  All  toAitd  i/-/ur  r  *ff  fecrp--  T/j/f  pi^job  y-v  tm*-/ /ic 

£W /£.y  qA-tA  -  77/15  rAw-sGi  k5  70  aj«t  ^6  AS<-£  t&  tAIxA  /^aj /  fuft-TMC/l  £>A7A\t  Took 

Jaa&  vr  ■***&— If  Sc t>n  Uifo  rAAk.  wJ&^ACk.  BA<$5,  CoV<Tfe ££> 

c^/bcACK  ewvsi,  -R- 
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B-27 


Data  Log  Sheet 
Date:  Ck/g'7/^1 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

_  Operator:  _ 


C  TtH)  ~~ 


B  pH  calibration?  j^es  DNo 
J  Standards: jZ&  J^7  DIO 
/?  Standard  Reading:  4:  V  °7  7: 


«>riO: 


Field  Samples 


ORP  calibration?  Turbidity  calibration?  DYes  ^pfNo 

Standards:  0200  mV  Standards:  DO  D0.2  D0.4  D0.6  D1.0 

Standard  Reading:  200:  (i>  Standard  Reading:  0: _  1:. _ 


Lead  Sample  Lag  Sample 
Lead  Reactor  pT  MfBRl  □  IWBR2  SP-100A  $  SP-200A  □ 

SP-100B  □  SP-200B 


Q  Temperature 
JJ 

“■  ORP 

CD 

05  Dissolved 


Units 

Influent 

‘Lead 

Reactor 

II 

std  units 

i 

■7-^2 

■7*71 

II  1 

/  »•& 

2.o.  (e, 

_ (mV) _ 

£La  f as 
§•9 

—120 

mg/L-N 

(p  ■  o 

O 


0 


Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running 


Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psig 

IX-1  Pressure 

psig 

_ Backwash  Record _ 

Backwash  start  time: _ _ 

Backwash  duration _ min _ 

Initial  Product  Tank  Level _ gal _ 

Final  Product  Tank  Level _ gal _ 

Time  of  sample  collection: _ 

Location  |  Turbidity  (NTU)  |  TSS  Collected? 


1 Vote;  shaded  boxes  are  to  remain  blank 

_ Inventory 

H3PQ4  Stock  (gal)  I 


Feed  Tank  Additions _ 

Time: _ _ 

H3P04  Sodium  Hypo 

Initial  Tank  Level  (gal)  Twnr " 
Stock  Added  5ToJ  & 

Water  Used  For  Dilution  ^7  „  ^  \*6  I 

.  Volume  Dilution  Added  >2.  ^ 

M! _ jZ 

T4ai  Volume  Added  ^ 

^ITankLevel  fro  'hO 


MBfR  Solids 
Drain 


Filter 

Backwash 


□Yes  DNo 


□  Yes  QNo 


"7 (®  '  fT'iT ,  <£l 

'  ~f^g  ?  (j-B.  ^t^Lp  i^VL-ptC^.  TfrWg'K)  (Q  ‘.oo  «  fH  <?FP 

~t5£-Tgy-  >wptu^inr  o&P  was  getgs.Ti; 

--  2-0  J  B-29 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Rl 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate  . 


Phosphate  Tank  Level 


Phosphate  Feed  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Dissolved  Oxygen 

Nitrate  +  Nitrite 

Nitrite 

Sulfide 

Chlorine 

o-Phosphate 

gal 


gpm 


gpm 


std  units 


std  units 


/2. 


Z-/2 


Hz 


ppm  (N)  ‘“f./O 


ppm  (hi)  $ ’*H 


ppm  (N)  0  ,-e> 


spm 


%  stroke 


scfm 


psig 


gpm 


Media  Filter  Inlet  Pressure  psig 


Media  Filter  Outlet 
Pressure 


IT 


Sodium  Hypo  Tank  Level 


[Sodium  Hypo  Feed  Rate  mL/min 


Coagulant  Tank  Level 
Coagulant  Feed  Rate 
Coagulant  Pump  Settings 
C02  Cylinder  Pressure 
H2  Cylinder  Pressure 

|n2  Flow  Rate 


Mores’-  4S~ "  ?-€*<£*€ SH^an-  <qr  +tr0£*u>nTe .  4^  ^ 
iC  ^SnbxuHji  I>evu/eitep.  lUTSA-nr**  ^ma-Are  r\ewjo 

VOe1?€"  -Wm^w  awueu  of  jr  wa-h?^  ^  ie,04a,  *-*/L  AS  M 

^DApD  -Sotu-n^n^.  PeScttTS  a*<?  Si^^tf4E.6r>  eeumj. 

^C\e>^  ^HiOlMefTf  <<5F  T’tttxS'F’HATS  TE&T  fctiT. 

-7AM*t  ^utmoM  iS  ^unrjj  -to  lilo  V  #  |twpS  .  -T«Ar  s^ut.om; 

t:2“  “tWB  ^£‘SUl'T  ^  ^^  *-£>€&  fegrUCUO  ' 

•^TV  ons,vre  -to  *gggr  Sd,^  <^w*€fc 

APT  AWf>  pVJcu^iSfep  fHCSPHdTF  *tA«td.  4<r  (a>A<:  pgreP^M  6J>  T^HAT 

App.r^Au  *5^m  was  a***^  «•/«  H,P»m  *  **.$-*« U  M)  - 

A^_w€AV^  «5  Bettoee*^  (5ac  ueS£ei£,  vr  ocuelups  u»«ew 

^V&TCwi  \<  UMP£*l_  A-«- 

„  ,  ,„  .  "  HAS  uoFdA-iv^eo  (SiHvi  WT 

A  ^vur  err  ^  TH^jdaW  ^  ' 

N^i &p  td  ^gr  e^r-t^cer  PA1  ’  <^uw$>ep£  /ms^ 

^  ^5^>,  H^U  tWBw,  U^_  U, 

^  ***Bs>  m»u6 r  TV<e: 


MlTWffg  S?rAMi5Ae2_p?  ’ 


WATBp- 


*>rvp/«e+  utwre- 


£^A*«1FtoiU 


WAS  M^T  JK>fig 
4su4<5r  S-rAfJCd.e^p 


io.o  Xa.\  >it(pA% 

'^TAtOjoAej? 

V5o 


c> 

lo  (a) 

0 

— ! - 

f’  < 

*~yi  nrri 

[ - 1 - -Ji  , 

v  -SVakhac©  Uy si.  AU-UTQ  Tt=  A  S:l  SemTOW  (^ITAA-Jt'j 


®e  U»  P-A>^B5-  d>p  dS^FtweTP-ICS  wr . 


<2€pweTieN  OF  to :  l  A«P 
■VM  A 

- - 


^Hr^pwvre  ’ 

tzamK 

iMF^m^hT  v 

iMtfM  r-  ^.sr 
L  *  ^ 


vvo 

^  x  ;?>€0ycT tcio  U-)e 

jwuno^ 

s 

i 


4- s' 


,»  lo 

rt 


& 

£  $ 

d  * 

p  1 

« 


M 
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B-30 


Data  Log  Sheet 
Date:  1 »&  / li 


c 

I  pH  calibration?  DYes  >^No 
.3  Standards:  D4  D7  □I'O 
^  Standard  Reading:  4: _ 7:_ 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541  / 

,  / 

_  Operator:  _ 


Lead  Reactor: 


IfBRI  □  MfBR2 


_ _ Field  Samples 

ORP  calibration?  DYes  i^No 

Temp  (Deg  C): _ ' 

_  Standard  Reading:  200: 

Lead  Sample  Lag  Sample 

SP-1 POA  SP-200A  □  .  Sample 

SP-100B  □  SP-200B  Sr 


_ 

T reatment  System  Inspection 


Turbidity  calibration?  DYes 
Standards:  Q0  D0.2  D0.4  □0,1 
Standard  Reading:  0: _ 1: 


Sample  Collection  Time: 


Outlet  Totalizer 
Target  Flow  Rate 
Internal  Recycle  Rate 
MBfR  1  pH 
MBfR  2  pH  v 


gal  |  ‘-f- 1 ' 

3Pm  f(j(> 

gpm  2-W 

std  units  *7.  2^ 


std  units 


G  Temperature 

Q) 

2-  ORP 


I  Ohio  nne  Residual  |  fmg/u  I  |;;-v  |  | _  |  y  I 

Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  positioh  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


~c 

Collect  while  sump  is  running 

Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psig 

IX-1  Pressure 

psig 

_ Backwash  Record 

Backwash  start  time: 

Backwash  duration _  min 

Initial  Product  Tank  Level _  gal 

Final  Product  Tank  Level _  gal 

Time  of  sample  collection: _ 

Location  |  Turbidity  (NTU)  |  TSS~ 


Feed  Tank  Additions 


Sodium  Hypo 


MBfR  Solids 
Drain 

Filter 

Backwash 


TSS  Collected? 
□Yes  DMo 

□Yes  DNo 


Dissolved  Oxygen 


Nitrate  +  Nitrite 


Nitrite 


Sulfide 


Chlorine 


o-Phosphate 


'  Target  Media  Filter  Flow 
Rate  9pm 

Media  Filter  Inlet  Pressure  psig 

Media  Filter  Outlet  Pressure  psig 

Sodium  Hypo  Pump  ■  spm 

^ngs _ y-  %  stroke 

CoaguJantJank  Level  gal 

Coagulant  Pump  Settings  - 


t *7 


Initial  Tank  Level  (gal) 

Stock  Added 

Type  of  Water  Used  For  |  . 

Dilution  I  * 


Final  Tank  Level  | 

(gat) _ I  V 

Note:  There  are  3785  mL  per  gallon. 


fir  4£JO  $M>Art(oio  TP  tSfe 

Stk>U«5>  0'2C  0KJ  CJO UO  tv«FT&f2- 


C02  Cylfnder  Pressure 

psi  \ 

’*  (Voo 

H2  Cylinder  Pressure 

‘“To 

psi  ( 

Mo 

hey 

N2  Pressure 

psi  i 

fU 

— -  _) 

N2  Flow  Rate 

scfm 

^  »d-£>wi 


^  (tv* T.)  r  <-*«  ^^^.5  Wia  WCXMVS  ^THt-/ 
^A*-PieSL  -pee-  2-4  .  apt  vust*uate&  <=*^  to 

<ofe\»  v^eoiA  pvwrep-  Fuouo  'VAv-Ve  tc  vwtiMuje  f=tou> 
\*-o  tt  A 6  ^fiw .  <^J2>tM  A^So  F^StaotS 

^tJ^tiATCp.  (^>  lo  >. -gp  .  THe  \*z  <^t€JJ.  tHA£>  AtUT  £>FP  £>KJ 


A-*=>  WWW..**«t»»,W  +lue 
cruspe  -tm^s  Ar>i>ei5  *  .  '  . 

^  -H,p  ^  55  *  ^inoKjivL 

e  <***-  *vo  ^uce  A  va».  ^  or 

«o\»  =ser  tto  v&  mkk  ^ 

«*#  ^  w«“eef  |o  ns*)  , 

■*fu>1“'^  ^  S-au  **«****-. 


£  WOTfeS  <S»T  /C*T 

i  |  c*M&.vr&  -\t>  T“«»w  'Phosphate  ‘t'AMte-  ***/  ^AUjOU-S  <S)F 

f  lnpv.«BMrr  V*AVE&-e>UOf.  <^€CM-  ^M^OgA\i€>  WSU5UAU  IM  M«SJ>IA 

*'  |5  ■Fvi.'tBtfL.  €^FUU6Kif  ^  2  -0;ppv-^  AM£>  IM  ...’B>»€Aa  •  ■  f^UWC-T 

|  -m«K-  Z  *  1^;  fcuT  £>ID  S-Hclo  PA*MT  ^^og.  ^  •  AuS*5 

fe  ’i  -^?\—  S*MAPpejE>  <^A5^e&  pw  <^tAC  AMO  •*■  -SS-ll^^S.  . 

■i.\r  i  '  ','■ 

fi  :  ^rttu^s^e  SAHd*ej  D  —  (qd  -esx-  ,  a*oc>  vxj  w&to 

;,.  I  O  —  /sr  *>S.V . 


/i' 

jjf-  . 


B-32 


-zt'ZSohL, 


Data  Log  Sheet 


OT/u/H 


<g>' 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-2Q0541 


Operator: 


_ 

Field  Samples 

U%&>  !  <0~  1 , ICC  .£>©©  W 

|  Calibration 

pH  calibration?  DYes  J^No 
Standards:  D4  Q7  DIO 
Standard  Readina:  4;  7: 

10: 

ORP  calibration?  iHYes  ^tfNo 

Temp  (Deq  CV. 

Standard  Readina:  200: 

Turbidity  calibration?  JS&es 

Standards:  DO  CI0.2  D0.4  D0.6  D1 .0 
Standard  Readina:  0:  €)•"?>  1:  221.  *0 

Lead  Reactor:  erurtBRi  □  MfBR2 


Lead  Sample  Lag  Sample 
SP-100A  S’’"'’ SP-200A  □ 
SP-100B  □  SP-200B 


Parameter 

e 

3 

Influent 

‘Lead 

Reactor 

‘Lag 

Reactor 

Aeration 

iH 

1 

std  units 

i 

7  - STS 

7*  fez- 

“7-7/ 

Sample  Collection  Time:[ 


C  /  V  £  "O  4*  *4 

o  o  c  n  c 

X  !5£3S-a.,£'*  O-  3  O  3 

2  o  “  ^  O  T3  >  .2  «  2-2 

<D  SU.ICO-OI  eg  Jrjit  fStfc 

<  w  «  ~  u  uj  ca  uj 


—T 


«  ___ 

Q  Temperature 
0) 

£  ORP 

TO 

w  Dissolved  O 


Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  Is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Backwash  Record 


Backwash  start  time: _ 

Backwash  duration _ 

Initial  Product  Tank  Level _ 

Final  Product  Tank  Level _ 

Time  of  sample  collection: _ 

Location  |  Turbidity  (NTU) 


Feed  Tank  Additions 


Sodium  Hypo 


Filter 

Backwash 


TSS  Collected? 

□  Yes 

□  No 

□Yes 

□  No 

Type 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

W 

<D 

Dissolved  Oxygen 

h- 

TJ  -O 

Nitrate  +  Nitrite 

1  -S 

Li_  <D 

Nitrite 

—  <D 

Sulfide 

O  £ 

%  * 

Chlorine 

T3 

< 

o-Phosphate 

56  + 


Note:  There  are  3785  mL  per  gallon. 


NOTES: _ _ 


Apt  H&S. 


Aa-g  ►JXjT  oQe&j&x Awe.  lA>ATEt&-  fo-ow-t.  AerensrrtoW  \S. 


fJfofl.gggp  TP  S»4vup.  Ho  LaAu-  Be  Cou. 


fbg-  -THg  £<L*Ssu£SC  T3S.K»k^  » 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


(s 


gpm 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


std  units 


std  units 


mV 


7.2 


/rs 


I  -~S(c5 


ppm(N)  ”7.02. 


ppm  (N) 


ppm  (N)  6.0^ 


mm  2.  TO 


12-1  o 


gpm  W/f^SS 


p=ig  6/pASf 


Media  Filter  Outlet  Pressure  psig  l'Byo«.5c; 


Target  Media  Filter  Flow 
Rate _ 

Media  Filter  Inlet  Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


spm 


%  stroke 


C| FF 


Mcrre-s  /u  /u  - 

©©ffcl  )SXn[tFtfeE»  VDUO  . 

~~\H&1  LPUv  "55C  cw<.vne  *tc>u^op^eu0  i/^p^\U6r -fop-  peFv<au^^eKX{-; 
Ajpr  -UaS,  UiCr^p-Ud^eo  <i££*M  TD  tti^  f  ^  A»^b  C>ff> 

At  'W  &&jc>.c?CS>&5  e^uei^puotJO  .  l-&  peS-tuXO"  <^tA*w*^p-rzei> 

3^oe>uO_  <£<i=>vw  eS^*MJ<$re^  ^&£i^r  ^rm/\X 

-^jSretw, 


€>\fe%2pve>i*3 

^-<2-  -oVCta-pH^uo  -7.5ii» 


<0p--F> 
—  2-2.0 
— 


7.0 .2. 


B-34  ' 


Data  Log  Sheet 
Date;  77^  ^/l) 


B  pH  calibration?  DYes 
n  Standards:  D4  LH7  DIO 
Q  Standard  Reading:  4: _ 7: _ 1 


Lead  Reactor:  □  MfBRi  □  MfBR2 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


*  O  CMri- A 


Operator: . 


iKcFV 


Field  Samples 


ORP  calibration?  DYes 

Temp  (Deg  C): _ 

Standard  Reading:  200: _ 


)|535<k 

Treatment  System  Inspection 


gal  \^j^L/OC> 


Turbidity  calibration?  DYes  Bf^Jo 
Standards:  DO  D0.2  D0.4  D0.6  01.0 
Standard  Reading:  0: _  1 : _ 


Lead  Sample  Lag  Sample 
SP-100A  □  SP-200A  □ 
SP-100B  □  SP-200B  □ 


Sample  Collection  Time:[ 


Outlet  Totalizer 


Target  Flow  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Q 
0) 

B-  ORP _ 

ro 

w  Dissolved  Oxvaen 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running 

Bag  Fitter  AP  psi  _ ^ 

GAC-1  Pressure  psig 

GAC-2  Pressure _ psig _ 

IX-1  Pressure  psig 


Feed  Tank  Additions 


H3P04 


noo 


3,?> 


£>ocv  I 


hip  L- 


_ Backwash  Record _ 

Backwash  start  time:  /  3t*  OO p  i'-*  _ 

Backwash  duration _ min  40 

Initial  Product  Tank  Level _ gal _ — 

Final  Product  Tank  Level _ gal  ,  — 

Time  of  sample  collection:  i  .g  J  *.  tS/i  a  ‘ 

Location  Turbidity  (NTU)  1  TSS  Collected?  f 

MBfR  Solids  ^ 

_  .  _  BYes  DNo 

Drain 


Inventor 


Type 

Check 

H3P04  Stock  (gal) 

1- 1 

Sodium  Hypo  Stock  (gal) 

<50  + 

OT 

0) 

Dissolved  Oxygen 

1—  (\. 

■O  -o 

Nitrate  +  Nitrite 

-o 
ll  qj 

Nitrite 

—  0) 

S  2 

Sulfide 

3  & 

S  * 

Chlorine 

■O 

< 

o-Phosphate 

Media  Filter  Inlet  Pressure  psig 

Media  Filter  Outlet  Pressure  psig 

Sodium  Hypo  Pump  spm 

Settings 

Coagulant  Tank  Level 
Coagulant  Pump  Settings 
C02  Cylinder  Pressure 

H2  Cylinder  Pressure 


volume  Dilution  Added  —  — 

(gal) _ / _ " 

Total  Volume  Added  S)  -—7 

(gal) _ V  ■  > _ 

Final  Tank  Level  £-■  <-\ 

(gal) _  -?  ‘  CJ  3 

Note;  Them  am  3785  mL  per  gallon. 


SiO/^^SS 


A  ML?  -C-AU-*  i  t  W- 


5  to  £ 


c>< 


Co  h-lT  I  ,  v 


£'i-IA^6£fc>  r 

^  P'L7^  ^ri^ugAT,e^  To  £6^  /w  pfifiAuei, 

>\p  Uc-r  tA)<£  Sdr*ftit46  ot-  wgfKtv/  C4$  ■SA  Mf  t  SAt+nCO  fot.  usCCyiy 

f'etr> 


P-€'l2.M-\Y  coMpu  (>> 

AGUg  TO  ?u-t££si*fuciy 

CCM  pc's/TC  &Ack 


AJ>>>T  IOU  To 
■$,  A-^  {>  i  £  M&-F(Z 


'JvC'^  CyAC'l 

BA  ocu,ash  t*jf\re 


fofc-  feAtKo-f-  AAr/i,  tA/A  5> 
^  Po/c.  rss  ( *  Total .  or 


*L?o 


TAf tQ£r  peon  P-Ar  £  -wAr^  je'r 
scope p  iur-Lue^-r 


TO 

p“Mi’  T°  zerA^/T,6HT£^  ^eA(< 

'  A 

BLCLO 


OAJ  o>)SC  HAjtQe 

A 

pK»^r 


Plumb  /  ^  ^ 


^  /5^ka  ^p££&  f2fAD  Aoi!-  A  SAo£-t  r"v’  £  ■£>«  £  ro  [fSAcKwAsA  C'fcc£^ 

pH p^fHA-r^  »*  Pto^'ZyP^^ 

Apt?  ^oo-i^x.  Hj>Po<.\ 

2  1^  f*e± 


Q 

r«0iPH*TtL  RtAhUtk  TAK4M  f>0M  Wft„wr  s^/twee  ^P«r  ^jecT^P)  - 

=  ^ 


As  P£>< 


B-36 


Data  Log  Sheet 

Date:  7 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

Operator: 


Field  Samples 


pH  calibration?  SH^Fes  DNo 

ORP  calibration?  ClYes 

yk  o 

Turbidity  calibration?  DYes  o 

Standards:  %A  jQl  J^JO 

Temo  fDea  C): 

Standards:  DO  D0.2  00.4  D0.6  D1.0 

Standard  Readina:  4:  ^Di  7 IQ:  lO-&£. 

Standard  Reading:  200: _ 

Standard  Readina:  0:  1 : 
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Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 


Chlorine  Residual 


Signifies  MBfR  1 


or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running  TaS 


_ Backwash  Record 

Backwash  start  time: 


Bag  Filter  AP 
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GAC-1  Pressure 

psig 

GAC-2  Pressure 
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IX- 1  Pressure 

psig 

Backwash  duration 

min 

Initial  Product  Tank  Level 
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Final  Product  Tank  Level 
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[Time  of  sample  collection: 


Turbidity  (NTU) 


Feed  Tank  Additions 

H3P04  Sodium  Hypo 
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:  Level  (gal)  rtn  7? 


MBfR  Solids 
Drain 

Filter 

Backwash 


T$S  Coilected? 
□Yes  QNo 


Note:  shaded  boxes  am  to  remain  blank 

_ Inventory 

_ Type _ 

H3P04  Stock  (gal) _ 

Sodium  Hypo  Stock  (gal) 

«j  Dissolved  Oxygen  __ 
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Initial  Tank  Level  (gal) 
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Type  of  Water  Used  For 
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Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


LastN  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
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Media  Filter  Inlet  Pressure  psig 
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Pressure _ 

Sodium  Hypo  Pump 
Settings 
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mV  Cf 


* 


ppm  (N)  I  &  ■  if- tf 
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Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 
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N2  Pressure 

N2  Flow  Rate 
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Data  Log  Sheet 
Date:  &// M 


pH  calibration?  DYes  C 
Standards:  D4  07  DTO 
Standard  Reading:  4: _ 


Lead  Reactor:  □  MfBRi 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

easSP  **  Operator: 


Field  Samples 


ibration?  DYes^^lNo 


Treatment  System  Inspection 


Outlet  Totalizer 


ORP  calibration?  □> 

Temp  (Deg  C): _ 

Standard  Reading:  200 


Turbidity  calibration?  DYes 
Standards;  DO  Q0.2  D0.4  00.6  D1.0 
Standard  Reading:  0: _  1: _ 


Target  Flow  Rate 


Internal  Recycle  Rate 


Lead  Sample 
SP-IOOA^f  SP-200A  □ 
SP-10QBJ2"  SP-200B  □ 


8«i  S2-T72. 


gpm  ~2-J_ 


gpm  T2-/<TD 
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Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes 
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every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


Sodium  Hypo 


Time 


initial  Tank  Level  (gal) 


Stock  Added 


Backwash  Record 


Backwash  start  time: 


Backwash  duration 


Initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection: 


Location  Turbidity  (NTU) 


MBfR  Solids 
Drain 


Filter 

Backwash 


TSS  Collected? 

□Yes 

□  No 

□Yes 

□  No 

Note:  shaded  boxes  are  to  remain  blank 


Invento 


_ Type 


H3P04  Stock  (gal) _ 


Sodium  Hypo  Stock  (gal) 
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Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate 


scfm 
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gpm 


Media  Filter  Inlet  Pressure  psig 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


f 

Coagulant  Pump  Settings 
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Data  Log  Sheet 

„ ,  e>A/ u 

Date:  I  f 


■£  pH  calibration?  DYes  t^lo 
J  Standards:  D4  07  DIO 
Q  Standard  Reading:  4: _ 7:_ 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

Operator: .  AtHlCAki 


Field  Samples 


ORP  calibration?  IHYes  J^fNo 

Temp  (Deg  C): _ 

Standard  Reading:  200: _ 


Turbidity  calibration?  DYes  j2fNo 
Standards:  DO  DO. 2  00.4  D0.6  D1.0 
Standard  Reading:  0: _  1: _ 


Lead  Sample  Lag  Sample 
SP-200A  Cl  SP-200B  O 
SP-100A  $  SP-100B 


Sample  Collection  Time:[ 
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IChlorine  Residual  I  (mg/L)  I _ '  . I  : .  '  I  I  'I 

*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


psi 


GAC-2  Pressure 


IX-1  Pressure 


Backwash  Record 


Backwash  start  time: 


Backwash  duration 


initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection: 


Turbidity  (NTU) 


Feed  Tank  Additions 


H3P04  |  Sodium  Hypo 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


MBfR  Solids 
Drain 


Filter 

I  Backwash 


TSS  Collected? 


□Yes  DNo 


Note:  sbBded  boxes  are  to  remain  blank 


Invento 


Type 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 
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V 

Dissolved  Oxygen 

1—  C" 

T3  "5 

Nitrate  +  Nitrite 

S.  ^ 
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_  ID 

to  Z 
c 
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o  £ 
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TD 

< 

o-Phosphate 

Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  Rl 


Last  N  R2 


Backwash  _ _ _  “to  . 

AtG-  Jeff 
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MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate _ 

Media  Filter  Inlet  Pressure 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 
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gpm 


gpm  2./0 


gpm 


std  units 
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mV 
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ppm  (N) 
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Data  Log  Sheet 
Date:  $»/ h  /  U 


•2  pH  calibration?  DYes  DNo 
J  Standards:  D4  D7  01 0 
™  Standard  Reading:  4: _ 7:_ 


Lead  Reactor:  D  MfBR1 

□  MfBR2 


Field  Samples 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

_____  Operator:  5>E?  Ro Ho F F 


ORP  calibration?  DYi 

Temp  (Deg  C): _ 

Standard  Reading:  200: 


□Yes  DNo 


Turbidity  calibration?  DYes  DNo 
Standards:  DO  D0.2  D0.4  DO-O  D1.0 
Standard  Reading:  0: _  1: _ 


Lead  Sample  Lag  Sample 
SP-200A  □  SP-200B  □ 
SP-1Q0A  □  SP-100B  □ 


Sample  Collection  Time:[ 


„  I  pH 
G 

v  | 

|-|ORP 

co 
CO 


Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure  |  psig 


GAC-2  Pressure 


IX-1  Pressure 


Backwash  Record 


Backwash  start  time: 


Backwash  duration 


Initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection: 


Location  Turbidity  (NTU) 


Feed  Tank  Additions 


Sodium  Hypo 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


Volume  Dilution  Added 

sm _ 

Total  Volume  Added 

(gal) _ 

Final  Tank  Level 

(gal)  _ 


Filter 

Backwash 


TSS  Collected? 

□  Yes 

□  No 

□  Yes 

□  No 

Note:  shaded  floxes  are  to  remain  blank 


Invento 


Type  _ 


Stock  (gal) 


Hypo  Stock  (gal) 


Dissolved  Oxygen 


Nitrate  +  Nitrite 


Nitrite 


Sulfide 


Chlorine 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


gal 


gpm 


gpm 


std  units 


std  units 


mV 


mV 


Hz 


ppm  (N) 


ppm  (N) 


ppm  (N) 


mm 


mm 


lEEBlSEHl 


Target  Media  Filter  Flow 
Rate 


scfm 


psig 


gpm 


Media  Filter  Inlet  Pressure  psig 


Media  Filter  Outlet  . 

psig 

Pressure 


Sodium  Hypo  Pump  spm 

Settings  %  stroki 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 
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Data  Log  Sheet 
Date:  ^ 


~  pH  calibration?  CDYes  pffjo 
Jj  Standards:  D4  D7  DIO 
™  Standard'Readirig:  4: _ 7:_ 


Lead  Reactor:  D  MfBRi  - 
ft  MfBR2 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

Operator: 


Field  Samples 


ORP  calibration?  DYes 
Temp  (Deg  C): _ 

10: _  Standard  Reading:  200: _ 


Lead  Sample  Lag  Sample  1  ^ 

>  SP-200A  □  SP-200B  D  Sarpple  C 

>  SP-100A  s'  SP-100B 


Turbidity  calibration?  DYes 
Standards:  DO  D0.2  D0.4 
Standard  Reading:  0: _ 


10.6  ni.o 

1: _ 


Sample  Collection  Time: 


H 

■ 

std  units 

1 

7 

|-  ORP 
<0 

Dissolved  0 


“3 5o 


7*7o 


2^-7 


-G(s>b  -&lb 


*•25* 


'm9  ^  ^ 

c>.t 

Nitrite 

O 

0.  & 

c> 

SulHde 

o> 

0 

Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  (tours 


?•/  «.•» 


Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running 
Bag  Filter  AP  i 


GAC-1  Pressure 


GAC-2  Pressure 


_ Backwash  Record 

Backwash  start  time: _ 

Backwash  duration _  min 

Initial  Product  Tank  Level 


EPMETillHTEf 


Time  of  sample  collection: 
Location  |  Turbidity  (NTU) 


Feed  Tank  Additions 


Sodium  Hypo 


9>'.oC 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


MBfR  Solids 
Drain 


Filter 

Backwash 


gal 

1  1 

TSS  Collected? 

□  Yes 

□  No 

□Yes 

□  No 

Note:  shaded  boxes  are  to  remain  blank 

_ _ •  Inventory 

’ _ Jypa _ 

H3PQ4  Stock  (gal) _ 

Sodium  Hypo  Stock  (gal) 


Dissolved  Oxygen 


Nitrate  +  Nitrite 


Nitrite 


Sulfide 


Chlorine 


o-Phosphate 


ttifu 


2-. I 


e.o 


Fierce. 


\*b 


o 


3>y  Mto  •j  t^>s  U^Og-*  PP  SAt-Tr 

OtATSt^e  T&  iVOpJZA&t  Op  UaI*  A-toDt 


Treatment  System  Inspection 


ga'  B&a'f/ 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


gpm  240 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


std  units  -y,  ^ 


ppm  (N)  (a  iCa[ 


2.80 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate 


scfm 


psig 


gpm 


Media  Filter  Inlet  Pressure  psig 

Media  Filter  Outlet 

Pressure _ 

Sodium  Hypo  Pump 
Settings 

Coagulant  Tank  Level  gal 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure  psi 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


1-b 


2.  ? 


I*> 


th^l 


■7.  ST 


S7 


In 


Data  Log  Sheet 

Date:  fe/1?/" 


■2  pH  calibration?  DYes  yfao 
j|  Standards:  04  07  DIO 
«  Standard  Reading:  4: _ 7:_ 


Lead  Reactor:  B<MfbR1  " 
iTMfBR2 


e>'^t 


ESTCP:  Technoloav  Demonstration  Plan 
Perchlorate  Destruction  !  :  Membrane  Biofilm  Reduction 

ESTCP  Project-, number  ER-200541 
Operator: . 


Field  Samples 


ORP  calibration?  DYes  Effto 

Temp  (Deg  C): _ 

Standard  Reading:  200: _ 


Turbidity  calibration?  DYes  ^JZfNo 
Standards:  no  CD0.2  C30.4  no.6  D1.0 
Standard  Reading:  0: _  1 : _ 


Lead  Sample  Lag  Sample 

SP-200A  □  SP-200B  □ 
SP-100A $  SP-IOOBJzf 


Sample  Collection  Time:[ 


q  Temperature 

|-  ORP 
ai 

10  Dissolved  O: 


Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 

Turbidi 


7  <o7  h?Z 


rt'O 


2-1*2 


-Z'pD 


0-1 


0 


o 


o 


I  Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  oh  if  reactor  is  ii 


Aeration 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 

Effluent 

GAC  2 

Effluent 

1X1 

Effluent 

Permitted 

Outfall 

EBUIHlS! 

H35 

7M 

2-1-0 

zi-z 

wm 

j  '  ■  ■  .  ;  '  ' 

Z\-t 

vm 

(<? 

7 

£ 

■  (  ■ 

0-1. 

:  ■  -  •  | 

'  ; 

0 

0-1 

o 

o -?%<!> 

33! 

0.2.11 

I  _  ;  : 

1-2S 

O.^f 

Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


in  the  lead  or  lag  position  -  this  changes  every  36 


Backwash  Record 


Backwash  start  time: 


Backwash  duration 


s  are  to  remain  blank 


•eTusfcp. . -me  e&Z&a&c  a  ffsr, 


I  ir  is  .  A^us-nMgKsy 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


/fc 


gpm  Zlo 


std  units 


std  units 


ppm  (N)  I  ^ 


ppm  (N)  V  • 


ppm  (N)  Z  . 


mm  I 


2£o 


I  mma 


T arget  Media  Filter  Flow 
Rate 


scfm 


psig 


gpm 


Media  Filter  Inlet  Pressure  psig 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


/i-e 


2 


Westers.* 

*  *°T  AFFe!yr  eeAP'K*  -  j^uiro^  iM^y  N€E-j 

l^u  ***  Jze^PS  PUW,  CCs 

^  s/sieiM  is  e>e>  f*sc  wouj. 
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Data  Log  Sheet 


Time:  9  >  (P&A i' 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  I  1  Membrane  Biofilm  Reduction 
ESTCP  Projeu.  number  ER-200541 
_  Operator: 


Field  Samples 

C 

o 

s 

pH  calibration?  DYes  (^No  t 

of  ^  ^u^W^ORP  calibration?  DVes  SfNo 

Turbidity  calibration? 

□Yes  B3^o 

-Q 

Standards:  04  07  DIO 

Temp  (Deg  C): 

Standards:  DO  00.2 

□0.4  no.6  D1.0 

Tv 

O 

Standard  Readina:  4:  7: 

10:  Standard  Reading: ft 

Standard  Reading:  0:  _ 

1: 

Lead  Reactor: 


,  Lead  Sample  Lag  Sample 

ffl'MfBRI  - >  SP-200A  □  SP-200B  sF 

□  MfBR2  - >  SP-100A  S/  SP-100B  □ 


Sample  Collection  Time:  /  O  :  QO*t^ 


O  Temperalure 
a> 

g-  ORP _ 

eg 

w  Dissolved  Oxygen 
.  Nitrate  +  Nitrile 

Nitrite _ 

Sulfide 


Chlorine  Residual 


9C 1 


.0 


9.0 


-332 


0  c 


. o 


U) 

3 

* 

0 

M 

u 

ra 

0) 

£ 

Aeration 

Media 

Filter 

Effluent 

7,49 

~7i  (o  S 

763 

IBE 

Q 

e2/,  l 

'5 

II 

-372 

-/3V 

«  !k  *■ 


EiLt  “■  OI  eg  3  t  Sc 


: 


0.0  uo 


£>«  I 


O,  to 


O.  Y 


Or  I 


3& 


I 


OcOs 


QS1<\0  0.33C 


7  ‘70 


PL7 


SO.Q 


O* 


0.0 


o 


7 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  lo  remain  blank 


Post  Finished  Water 
System  Inspection 


Colled  while  sump  is  running 


Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psig 

IX-1  Pressure 

psig 

Backwash  Record 


Backwash  start  time:  /  J 


Backwash  duration 


Initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection:  |  3 


Turbidity  (NTU) 


Invento 


Type 


Feed  Tank  Additions 


Sodium  Hypo 


Time 


Initial  Tank  Level  (gal) 


volume 

las!! _ 

Total  Volume  Added 

(gal) _ 

Final  Tank  Level 
(gal) 


T8 


TSS  Collected? 

□Yes 

□  No 

BZ^es 

□No 

Sodium  Hypo  Stock  (gal) 

CO 

Dissolved  Oxygen 

h-  c- 

Nilrate  +  Nitrite 

—  m 

.9?  -o 

Nitrite 

_  Q) 

s * 

Sulfide 

o  i2 

i  5 

Chlorine 

■D 

< 

o-Phosphate 

£?,  O 


520 


3.0 
3.  .1 
5.o 


fiAc/l /  IbW*).  APT  o/O  tv 


Treatment  System  Inspection 


fo  cpPCZ  PM  Bum,'** 


Pick  (aP  pl5f%Sc/ZQ> 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate 


Media  Filter  Inlet  Pressure 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 

N2  Pressure 


N2  Flow  Rate 


gal 


gpm 


gpm 


std  units 


/V 


a\o 


7,2- 


-  37  S' 


-537 


ppm  (N)  3,73 


ppm  (N) 


ppm  (N)  Qt  3  ) 


mm  I  31SO 


<Pt  O 


litaarriittal 


spm 


%  stroke 


3,7 


Kd  + 


/3,S 


6.3 


30 


so 


cl° 


n  s 


PtP-  OUP-  Cct^FCfZT^cZ  CQt-L 


Ncne>  cokii,,. 


c  Ffcz.  rofZ.  I*B  D  3ACKUJASH  0/0  AABD/A  P>L7£iZ-0  TOOK  com  PfiS  )T£  yAWFtC  -Av£> 

fetor  it  /aj  r>5  /^ao/v  ^  ys/  £, 

COM?C5  >T£  TUfLBlDljy  ‘e  LffS,0  Ajr^ 

F^r-Gie  ru<>-&i  bny  :  ajtu 

—  „„ 

*  S/4 /^Fta>y  f/zoDucT  (fi^&rt£b)  foZ  Tb)^65h)ocJ>  Obcfc,  TTHM 5^  -taz/s 

iaj£BK  X  of  o  i'TiMrtLAT )c aj  oA^ty* 

J  Tooi<-  Ph^FH^TB  FL£p>d,^  -  Z>.& t 
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Trump,  Julee  M. 


From: 

Arucan,  Clyde 

Sent: 

Monday,  August  22,  2011  1:20  PM 

To: 

Evans,  Patrick;  Berokoff,  Daniel;  Smith,  Jennifer  L. 

Cc: 

David  Friese;  Ryan  Overstreet;  Renato  Vigo 

Subject: 

RE:  Overflow  photos 

All  -  I  am  back  in  the  office  now  and  Rich  B.  is  onsite.  We  decided  that  he  would  be  able  to  handle  the  pump  down  of  the 
containment  area.  Here  is  a  summary  of  my  findings. 

•  Well  was  in  the  "AUTO"  position  (normally  in  AUTO),  but  was  not  operating  because  the  "hi  level"  alarm 
indicator  was  illuminated.  I  do  not  know  which  high  level  switch  is  associated  with  the  Well  controls? 
Containment  switch  or  feed  tank  level  switch? 

•  Containment  area  was  completely  full  with  many  pumps  and  other  equipment  partially  underwater. 

•  Area  around  the  containment  area  is  saturated  due  to  either  overflow  or  a  leak  in  the  containment  walls. 

•  Tank  levels  are  as  follows 


Tank 

Level 

Comments 

Feed 

Full 

Engaging  all  three  level  switches 

Product/Finished 

Full 

Up  to  level  of  overflow  to  sump,  no  flow  to  sump  tank 
was  observed 

Aeration 

90% 

Up  to  level  of  overflow  to  sump,  no  flow  to  sump  tank 
was  observed 

Sump 

75% 

3  of  the  4  level  switches  were  engaged.  Hi-hi  not  engaged 

Reject 

10-25% 

MBfRl 

75% 

Top  2  feet  of  modules  are  exposed 

MBfr2 

75% 

Top  2  feet  of  modules  are  exposed 

IX/GAC  Containment 

Empty 

•  No  major  leaks  were  apparent  with  system  off.  Valving  and  sample  ports  were  in  normal  positions.  The  levels  in 
the  tanks  appeared  to  be  steady. 

•  A  water  sample  for  perchlorate  analysis  was  taken. 

•  Rich  and  I  had  a  discussion  of  pumping  the  containment  area  into  the  Reject  tank.  We  also  disussed  raising  the 
sump  pump  so  it  has  time  to  dry  off  and  operate  when  the  reject  tank  does  get  full. 


Clyde  Arucan 

CDM 

9220  Cleveland  Ave.  Suite  100 
Rancho  Cucamonga,  Ca  91730 
W:  (909)  579-3500 
M:  (909)  201-1414 


From:  Evans,  Patrick 

Sent:  Monday,  August  22,  2011  10:19  AM 

To:  Berokoff,  Daniel;  Smith,  J  ennifer  L. 

Cc:  David  Friese;  Ryan  Overstreet;  Renato  Vigo;  Arucan,  Clyde 
Subject:  RE:  Overflow  photos 


l 
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Thanks  Daniel.  Let's  use  either  spray  paint  or  some  other  means  of  marking  the  ground  to  show  the  extent  of  the  wet 
soil 


From:  Berokoff,  Daniel 

Sent:  Monday,  August  22,  2011  10:17  AM 

To:  Evans,  Patrick;  Smith,  Jennifer  L. 

Cc:  David  Friese;  Ryan  Overstreet;  Renato  Vigo;  Arucan,  Clyde 
Subject:  Overflow  photos 


«  File:  photo.jpg  »  «  File:  photo.jpg  »  «  File:  photo.jpg  »  «  File:  photo.jpg  » 


2 
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Data  Log  Sheet 

Date:  Sf/as-/» _ 


pH  calibration?  OYes  U/f'lo 
n  | Standards:  C4  07  DIO 
«  Standard  Reading:  4: _ 7:_ 


ESTCP:  Technolor  monstration  Plan 
Perchlorate  Destruction  Usirk,  ..lembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  hfeKOKoFF _ 


Field  Samples 


ORP  calibration?  S?)Yes  DNo 

Temp  (Deg  C): _ 

Standard  Reading: 


Turbidity  calibration?  OYes  S3^o 
Standards:  DO  D0.2  D0.4  CI0.6  D1.0 
Standard  Reading:  0: _  1 : _ 


Lead  Reactor:  L’MfBRi 

Lw*'MfBR2 


Lead  Sample  Lag  Sample 

if  MBfRI  in  LEAD:  SP-200B  □ 
SP-1 OOA  □  if  MBfR2  in  LEAD:  SP-1 OOB  W 


Sample  Collection  Time: 


nj  w  c  4_,  E  q 

T3  B  3  .5  Q. 

m  3  O  -D  >, 


0)  w  It-  C  I  CM  C 


Ss=6=6S:.<2<5  ^  ^  =  x  = 

5iLt  L  oi  eg  §*:  §  t  —  4= 

III  rn  1 1 1  III  111 


e  = 
0)  C  10 


til 

e 


mV) 

H33 

03 

- 

vA 


3,3 


0.-75 


o , 


P3„v  I  Q3- 


Ov  1 5>  i>,  O 


Ool 


o 


o.  i 


1,30  <0.3 C 


Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  Is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


psig 


Feed  Tank  Additions 


H3P04  I  Sodium  Hypo 


Initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection: 


MBfR  Solids 
Drain 


Filter 

Backwash 


TSS  Collected? 

□  Yes 

□  No 

□Yes 

□  No 

Note:  shaded  boxes  are  to  remain  blank 


Invento 


Type 


Stock  (gal) _ 


Hypo  Stock  (gal) 


Dissolved  Oxygen 


Nitrate  +  Nitrite 


Nitrite 


H3P04 


Sodium 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBIR2  Sparge  Rate 


Phosphate  Pump  Settings 


gal 


gpm 


gpm 


std  units 


std  units  73. 


5 


ppm  (N)  2,  0 


ppm  (N)  )  3 


ppm  (N)  2?.  )  ~7 


mm  I 


KfEflilEll 


Phosphate  Concentration  ma/L p04 
at  Strainer  «  •  3 


scfm  Qt  £, 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


psig 


gpm 


Media  Filter  Inlet  Pressure  I  psig 


Target  Media  Filter  Flow 
I  Rate  _ 


■  Final  Tank  Level 


fZ-CLL  As  MVC  C  i 


Chlorine 


o-Phosphate 


Lc 


o' j  icEJ>  T' h*-~T 


XYT  P  u<,  Alh^tlx 

■  OJA}  T V? I  eft  ll 


Media  Filter  Outlet 
Pressure 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


S’.© 


y  Myft&e  fti  L  y. 


p/OT£S  COhST,,. 

/Jot/ Ft  &£>  frCT  (£icm)  to» ©  //JO/cfiTtcO  THAT  TfJ&  Cc  AaP&Z  SSo  ft  /AJ J>66£> 

unrest-  Ou^.N)^  rwe  ov^ioo  //JCiO£«f7:  P^c.jj  AHt)/Vyr  .ry^l[;t?T 

.  A.oiJerte.  d,cx  \z*cj.es  u>££-&  j?ee>j  Accost  -fu-e  a\£f//A 
y'^eR  *"*  *«Wf!>  ~-T«s.  WWL-  r„  ^cug  ^o^i,  Tw6  i;Me 

Ml6Hr  B£  ^«6/  aft  7»*  afa^t  Ffeeo  r«p,*s  amj>  ******  e  -  rH£^  *** 

A  SoL/P  THAT  &OT  CAU6.HT  (U  TKB  U^F .  Ce-M^cOL  P-gAD^J  fifC£  &AO<  ro  £*t  (*£ 

3*  I  SofH» 

TuBB  tpir-f  ufr<~,  HldiH£R-  Ojj  FF^i,icr.  ■tr.^tuen  /lAT-^„  .  „ 

r/M/?M6p  s>A^?t^  /}/OD  Tue-ZiO/rY  ^5U4T5  m^tchJ.^  ^eJ>  '°  *'cr**-  rc,°*  DuPawne 

IT  (^f)s  F>or)C£t>  THAT  Hhfvy  TflWK  L€Ut  ^  iTiP  ajoT  Neurit  IN  vo6um£  ^//ocC  T^e  A  *$&£€- 

T/-f£  fUv^vP  OfPv  77/ <£  P.&G’T  g/HTToK)  T7/£  CMTLgT  uV)  S  A)oT 

ftcrufiTeP^ufop  g€$6T-n^  the  out l Pg!M£P>  p^p  AUb  V€T./F>e^  F^lc. 
/UT*r  Stapt^o 
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lata  Log  Sheet 


ms  3/Vl( 


Time: 


ESTCP:  Technoloc  monstration  Plan 
Perchlorate  Destruction  Using  ..lembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  ■  Operator: 


Field  Samples 


| pH  calibration?  DYes 
Standards:  D4  m  niO 
Standard  Reading:  4: _ 7:. 


ORP  calibration? 
Temp  (Deg  C): _ 


□Yes 


□4 


10:_ 


Standard  Reading:  200: . 


Turbidity  calibration?  DYes 
Standards:  DO  D0.2  D0.4  rio.6  D1.0 
Standard  Reading:  0: _ 1 : _ 


Lead  Reactor: 


Lead  Sample  Lao  Sample 

if  MBfRI  in  LEAD:  SP-200B  □ 
SP-100A  if  MBfR2  in  LEAD:  SP-100B  o' 


Sample  Collection  Time:|  QQ 


'  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


ollect  while  sump  is  running 


Bag  Filter  aP 

psi 

GAC-1  Pressure 

psig 

(U 

GAC-2  Pressure 

psig 

IX-1  Pressure 

psig 

Feed  Tank  Additions 


H3P04 

Sodium  Hypo 

me 

MofJg 

tial  Tank  Level  (gal) 

_ 

_ _ 

oCk  Added 

l 

'pe  of  Water  Used  For 
Jution 

jJume  Dilution  Added 
al) 

_ 

>tal  Volume  Added 
al) 

a 

L<_ 

nal  Tank  Level 
ai) 

V 

NOTES: 


off  -jue  i,\<M .  os> v*  i*r 


Aft  ttAS,  gxFlA-  i  iv  U&UL 


'm$>  AT  SD&U\m  lKi^g-C^0N> 

m>  was,  cvo^t> 


Treatment  System  inspection 

Outlet  Totalizer 

gal 

Target  Flow  Rate 

gpm 

/<r 

Internal  Recycle  Rate 

gpm 

MBfR  1  pH 

std  units 

-7-2- 

MBfR  2  pH 

std  units 

■7-2- 

MBfR  1  ORP 

mV 

MBfR  2  ORP 

mV 

—/ac 

Nitrate  Frequency 

Hz 

Last  N  Feed 

ppm  (N) 

7-82^ 

Last  N  R1 

ppm  (N) 

/T 

Last  N  R2 

ppm  (N) 

MBfRI  Sparge  Rate 

mm 

ZJ&o 

MBfR2  Sparge  Rate 

mm 

Phosphate  Pump  Settings 

spm 

"ZD  ' 

%  stroke 

Phosphate  Concentration 
at  Strainer 

mg/LP04 

/•f 

Aeration  Tank  Air  Flow 

scfm 

Air  Tank  Pressure 

psig 

Target  Media  Filter  Flow 
Rate 

gpm 

If 

Media  Filter  Inlet  Pressure 

psig 

7-  i 

Media  Filter  Outlet 

Pressure 

psig 

/ 

Sodium  Hypo  Pump 
Settings 

spm 

%  stroke 

/0O 

Coagulant  Tank  Level 

gal 

'  * - 

Coagulant  Pump  Settings 

* - 

C02  Cylinder  Pressure 

psi 

H2  Cylinder  Pressure 

psi  * 

N2  Pressure 

psi 

N2  Flow  Rate 

scfm 

\\<c  \Dv'°o  —  (S-tAiMetfi-DiM  SAv^euq^  <pin£.  np,  V*P 

<^\V£lO  A  *TGU£_  of  “THe  <cjOt^  ^&CAlXX'i  A.^S> 

KpAitev  -tw^i^fcK  TKe'  ’^oce£s  ■ 

^KcTDi  e>p  "T^  <Shst«*v  ^f-v^H  t?^ne  no  -fttf-Avto 
\^C,ttAUL  ^ICT^Ip-  AVp  PUUAjp ^  pj<^  $t%(2TS  plcrfet^  a i o 
'l^f  F'V  rs-  f1^*  7  **>SW^r  Wte  V*>FO  te&LctJj  " 
<^£>vw  _a*ix>  6&X  “1?0S>v  W^U>  l£\JOP  Op  C#iMTk\-uo 
Fvoat  tmi ..  >6"^HMpa6D  ‘T^pe  oU  -vne  ^U)a' 

vSto  ,r^  Mu.  Kor  ujwev  \MvG^-“te^  - '  tx*^  n*7 

"  ^  ^12.^  OP  ~rHe  FvuA't  f  1Z  'pot^ iotb  O/UioDeF  j  *7^ 

PP  fotf-  IT  “tD  . 

Kp-f  4^s  tp^&THeW  “Tttp  PCIRJ-  A.\Sifo  IfOUJO^D 
— \\\£  -*p IV  cT  ^/  fJ^-fSTTK^  '-poip-p',  p'-o  ivf  ptsUa  &Kst?xrtX£a:}£k 

AppOo^  ,  7  'B  C5F  .^tia^&Uu^  Lot-vt^  .  AP’P 

J'V*IA'^>  CKii-'TWrU-  A  Csp-py  tPuPU  ^l,u  ftA<  l/V>H<Afcf 

l°uu  p^vcjpr  at  4^  —  r" 


3&sp*4£r 

poftifA-  <o«mpO 
p£p->  £>g>ipO  - 


^  wl  j V*AiV\  „ 

?  0'^^\/l 


D-\ 


B-56 


Data  Log  Sheet  ESTCP:  Technoloc  monstration  Plan 

Perchlorate  Destruction  Usini,  ...embrane  Biofilm  Reduction  . 

ESTCP  Project  Number  ER-200541  / 

Date:  9/^3 j  1 1 _  Time:  f  1  O  O  ,^\  Operator:  P  / 


Field  Samples  ‘ 


°  pH  calibration?  SP^es  DNo  OR P  calibration?  CS^es  DNo  f  Turbidity  calibration?  0^es  DNo 

x5  Staridaids:  D7  3^0  Temp  (Deg  C): _  (  Standards:  DO  D0.2  D0.4  D0.6  D1.0 

2  Standard  Reading:  4:  H-C*  7:  N/fi,  10:  Standard  Reading:  200f'7i  ^  Standard  Reading:  0: _  1: 


Lead  Sample  Lao  Sample  - - - - ^ 


I 


Treatment  System  Inspection 


gal  k^yyVexD 


gpm  /  <> 


Lead  Reactor:  \bPHOOBjjf  mbiri  in  LEAD:  SP-200B  □^p’XSample  Collection  Time:[ 


if  MBIR2  in  LEAD:- 


r  U  "O 

R3  l  C  ^  t  0  <D  Jr  t-COJC  C  Q>  = 

Q)“—  0"0>»  .*2  TO  <S  —  X  —  F  tE 

EilC  “■  oi  c  £  S  t  3  3=  ~  3=  SO 

Ui  W  ~  LJ  Uj  LJ  uj  0)U 


std  units 

i 

E fflSM 

n.sto 

7,7 0 

^  I  Temperature 


31,  *5  \PJ),-r  PQ.iv 


~3fo\-550\  -azc 


0 .  | 


0,0 


Q.OS 


c\  (o 


d)  Dissolved  Oxygen 
Nitrate  +  Nitrile 

Nitrite _ 

Sulfide 
Turbidi 
Chlorine  Residual 


'  Signifies  MBIR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


<0.0 


O 


o 


3.0 


Oo  <o 


<D 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


'.SO  PHI 


i5 


psig 


Feed  Tank  Additions 


H3P04  I  Sodium  Hypo 


I ;  30f  ca 


a.  s 


250 


In  f 


<2 «  eX. 


3.  a. 


5.0 


Backwash  Record 


Backwash  start  time: 


Backwash  duration 


Initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection: 


Location  Turbidity  (NTU) 


MBfR  Solids 
Drain 


Filter 

Backwash 


Invento 


T 

5 

e  _ L 

Sodium  Hypo  Stock  (gal) 


c^- 
32  *° 

I  Nitrate  +  Nitrite 

u_  Q)  |  — 

15  z  I  Nitrite 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBIRI  Sparge  Rate 


MBIR2  Sparge  Rate 


Phosphate  Pump  Settings 


Phosphate  Concentration 
at  Strainer 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate 


gpm 


std  units 


std  units 


o 


z. 


72- 


-33) 


mV 


mV 


Hz 


ppm  (N) 


ppm  (N)  \  O,  5  S' 


ppm  (N) 


mm 


mm  I  <2? o 


%  stroke  I  AO 


mg/LP04  ^  _  O 


scfm  ^  t 


psig  c7.  SL 


Media  Filter  Inlet  Pressure  psig  y  <£" 


Psi9  O 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


spm 


%  stroke  |  /  OO 


s 


?0 


mqo 


76 


tA>  Pc  coL*fl-i*Cfc 


UJ  it.*' 


'TtbT  ^N'le’fMcA :  P’/I>  Mor  Slo T 

fcfz.vr-^  la^>  T&  Pick  up  (Q 
T  D1>A*/  £>£-  -fu^^PA^  A^£J^Jh^7 


P/CK'U?  TOP  Ay,  THfi 

uoi'u  { <oppiA£  -o-oAt&Jz: 


^  i>f\M!y’L& _ 'TuP-P>  (ts  tu) 

Z-^Q  /  5T  P/^Ai*o-  /  ^/  (4? 

4Ac-r  Pn^  !£tefrnM 

l~£P\B  >^r  P£A))0>  3.,^ 

/.£AD  £>r  7«  ^ 


Y'la^BIOIT'/  C  A  L\& fc-A' \  OJ'j  c  R^7<£S  r]  K»c 

0 <  Oc  1  Q^o  Qp?eo  rg^foc 

GHo< 


&TA**PAtS>  R-£AD(K£i* 


Data  Log  Sheet 

rw..  ^h/\\ 


•5  pH  calibration?  QYes 
.5  Standards:  Q4  □?  D1 
^  Standard  Reading:  4: _ 


Lead  Reactor: 

□  MfBR2 


..  *T’-oto 


ESTCP:  Technoloc  monstration  Plan 
Perchlorate  Destruction  Usin&...lembrane  Biofilm  Reduction 
,  ESTCP  Project  Number  ER-200541 

1  ° _ ;  Operator: 


Field  Samples 


OH P  calibration?  [HYes  Jj2^lo  Turbidity  calibration?  QYes  JZtbio 

Temp  (Deg  C):. _ •  Standards:  DO  no.2  CI0.4  D0.6  D1.0 

Standard  Reading:  200: _  Standard  Reading:  0: _  1  • _ 


Lead  Sample  Lao  Sample 

-if  MBfRI  in  LEAD:  SP-200B^f' 
SP-100A2J  if  MBfR2in  LEAD:  SP-100B  □ 


Sample  Collection  Time:! 


>•  3.0 


u  t  C  „  E  Q  T-CtMC  c  a  = 

:5®®».2a.-j=5i  o  3  O  $  ’"S  S  « 

Su-3=d-°:e  =5  S  t  75  3=  —  tt  ^  o 

hi  w  £  ^  °  nr  °  m  .  B 


a.  ORP 

£  - 

c a 

v*  Dissolved  Oxvaen 


7-57 


It** 


7-6^* 

^ipo 

2-1 

-Z7o 

P.^7 

C.fo 

?•/ 

0  -  Z> 

0  •  U 

0 *  / 

0 

0 • 

7? o 


Z*>-0 


I7-22 


VrfAT-rFh 


Chlorine  Residual 


f$-<£ 


0 


0 


oSH 


T " .  y- ' ;  - 

'  5-"  '  I 

v*v: ;  r '4'  .1^:; 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


£>.*!  o,f 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


H3P04  Sodium  Hypo 


T7me 


Initial  Tank  Level  (gal) 


Backwash  Record 


Backwash  start  time: 


Backwash  duration  I  min 


gal 


Final  Product  Tank 


Time  of  sample  col 


Location 


MBfR  Solids 
Drain 


■mnrs 


TSS  Collected? 


□Yes  DNo 


□  Yes  DNo 


fes®  UW^  WM&  ilii 


Note:  shaded  boxes  are  to  remain  blank 


Invento 


Type 


Sodium  Hypo  Stock  (gal) 


p  xj  Dissolved  Oxygen 
~  V,  I  Nitrate  +  Nitrite 


Chlorine 

o-Phosphate 


U^DUA,  F  UTS&fc.  \$?  <st A _ 

y?  <>F  7-  .  ATT 

^  Uxoe^g; 


Treatment  System  Inspection 


cyzzoo 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


gal 


gpm 


gpm 


std  units 


std  units 


mV 


mV 


Hz 


ppm  (N)  I  “7-7f 


■VZ 


2 


-H-7Z 


LastN  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Phosphate  Concentration 
at  Strainer 


ppm  (N) 


%  stroke 


mg/LP04|  j. 


Aeration  Tank  Air  Flow 


Kir  Tank  Pressure 


2  z 


Media  Filter  Inlet  Pressure  I  psig 


ITarget  Media  Filter  Flow 
I  Rate 


Media  Filter  Outlet 
Pressure 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


spm 


%  stroke  [  COP 


N2  Pressure 


N2  Flow  Rate 


7E  W  \©C.ff£C.  ATT  (^ 

l’S-0-  -apt  iM^rCM^-reti  u>to<=£  f££r>  fwtotJo  -pc 

\&  ^tp^.  <^j>^  -m<>  *p$u<>-veh  -we  ua^t  *e«<^r» a.  ouTL£T 

?t£>iA>  u  -rWcn^t-l^  '•  MJxo^e  6>U  ~TU£  fSn&wfc  ^\pe 

-tu^  Agrta^riBNi  .  c^£>v^  -U^  UwLto 

'Pe^uc-egi  ~rwe  va^pu^v  ^ urreuL  -pcolo  n^sre  t&  <=*-*>  £*f>w , 
^j  _tHl2£’tt  -1WC  ^Auvg:  -^HC  -f  it,fg£_ 

i^WJb  "^^4jOJ>U(^5r  — tvtw|6.  , 


B-60 


Data  Log  Sheet 


^UOQ 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  ('  !  Membrane  Biofilm  Reduction 

ESTCP  Projeu. , number  ER-200541 
_  Operator:  1&&\*Q4AK\ 


Field  Samples 

c 

o 

2 

n 

pH  calibration?  ^ZfY'es  3No 
Standards:  34  37  DIO 

ORP  calibration?  ^R1?es  3No 

Temp  fDeq  C): 

Turbidity  calibration?  3 Yes  O^Jo 

Standards:  30  30.2  30.4  rfo.6  31.0 

8 

Standard  Readina:  4:  7: 

10: 

Standard  Readina:  200: 

Standard  Readina:  0:  1 : 

Lead  Reactor:  E>MfBR1 

>-TMfBR2 


Lead  Sample  Lag  Sample 
SP-200A  □  SP-200B  □ 
SP-1 00A  □  SP-100B  □ 


Sample  Collection  Time:! 


-o 

<o  i-  c  c  0  a>  j- 

=5  ®  £  .2  a 

E  u.  t  o  i  cfe 
lu  co  ir 


4-*  4-*  4-1  "D 

i-  C  N  C  C  «  = 

oSo2  ’“S  £  « 

<=<=  >£  =  E  I 

® £  o E  E 


q  (Temperature 


g-  ORP 
nS 

w  Dissolved  O 
Nitrate  +  Nitrite 
Nitrite 
Sulfide 

Turbidi 


0'Hf7 


7-e^- 


7- -c>sr 


Z  \  M- 


•/s*  I  (o'6?  I  7° 


£ 


O  '$£>  \  0  * 


l'l$  V^o(p 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


H3P04  I  Sodium  Hypo 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


^2- 


O^SOtA 


sr 


Backwash  Record 


tart  time: 


Backwash  duration 

min 

Initial  Product  Tank  Level 

gal 

Final  Product  Tank  Level 

gal 

Time  of  sample  collection 


Turbidity  (NTU) 


TSS  Collected? 


□Yes  ONo 


Note :  shaded  boxes  are  to  remain  blank 


Invento 


e 


H3P04  Stock  (gal) 


Sodium  Hypo  Stock  (gal) 


«  Dissolved  Oxygen 

t  £  Nitrate  +  Nitrite 

—  m  - ~ 

.2  -p  Nitrite 

LL.  0) - 

«  z:  Sulfide 

o  <2  - - - 

^  S  -  Chlorine 

*o  - 

"D 

<  O’Phosphate 


)  *1t>  |kj&T(41L  cSVWCJE*  CX 


*tt>  £>"£>£•€>  VW6DIA  -pun^tZ- 


0*^  ^4(5^  -ID  VWHrJrflAwvS  /; 


- - \ 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


LastN  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


gal 


gpm 


gpm 


std  units 


std  units  '/  ■  2 


mV 


mV  I — 


ppm  (N)  — jr  , 


ppm  (N) 


ppm  (N)  2-  •  /& 


mm  2. 


Media  Filter  Inlet  Pressure  psig  I  5^*7 


/ 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


spm 


%  stroke  i  /«» 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


H2  Cylinder  Pressure 

psi 

N2  Pressure 

psi 

N2  Flow  Rate 

scfm 

/rs~ 


IV 


&?T  t*jft«3>g2_kwer>  — r&  vicrr  C€p-fo^u 

_£U£  “to  Pec-fc^T  y^srEP-pA^/ , 

-rue  Wp^e&e. )  -tRe  ^  Leu  alak^ 

^ttAD  ow  $^s>  L^  (jZ  S-jofoiAT  STEP 

^ W^t  .  lAQrf-iOr'rl.Obj  Lo^uS  U«wJeK_ 

AfiD  £-£>w»  K»e*Ttce«>  1>3HT£'  fu-MA  feiM  fMwfc  . 

/atrevtf4tgl>  . 


\ 

J 


B-62 


Data  Log  Shee+  - 

Date: 


ibration?  J^fYi 


■S  pH  calibration? 
ra  . 

ja  Standards: J34 

Standard  Read 


es  DNo 


ESTOP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  l  ]  Membrane  Biofilm  Reduction 
ESTOP  Projec.  dumber  ER-200541 

*7  *  _  Operator:  &&-UC4AS 1 _ 


Field  Samples 


ORP  calibration? 


3: /14  p?  ^10  *t.ir 
Reading:  4:  H-2t>  7:  {"'•>  10:  ioJL 


Yes  EDNo 
Temp  (Deg  C):_  '/ft* 

Standard  Reading:*®)^  2i(e 


Turbidity  calibration?  DYes  JZlNo 
Standards:  DO  D0.2  D0.4  D0.6  D1.0 
Standard  Reading:  0: _  1: _ 


Lead  Reactor:  R1 

□  MfBR2 


Lead  Sample  Lag  Sample 

sp-20oa^T  sp-aooB^ 
SP-100A  □  sp-ioob  □ 


Sample  Collection  Time 


*r  §  o 


Parameter 

42 

E 

3 

Influent 

*Lead 

Reactor 

*Lag 

Reactor 

Aeration 

Media 

Filter 

Effluent 

IRRBI 

7*  5Tb 

7-^r 

r-ze 

7-02- 

Temperature 

2-; -7 

3*-7 

2^7 

^5-0 

ORP 

-3iS~ 

"21  S' 

S'ifl 

.  f- . 

IAS 

er-s 

EH 

Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 

Tutbidi 
Chlorine  Residual 


■  Signifies  MBfR  1 


o 


0 


V  \o-t 


I 


c  |S  == 
1“  <1>  <0 


or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


Sodium  Hypo 


0 


Backwash  Record 


Backwash  start  time: 


Backwash  duration 


Initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection: 


Location  Turbidity  (NTU) 


MBfR  Solids 
Drain 


Filter 

Backwash 


TSS  Collected? 

□  Yes 

□  No 

□  Yes 

□No 

Note:  shaded  boxes  are  to  remain  blank 


Invento 


_ Type 


H3PQ4  Stock  (gal) 


Sodium  Hypo  Stock  (gal) 


g  Dissolved  Oxygen 
£  ^  Nitrate  +  Nitrite 
■S  ■§  Nitrite 

LL  0)  — 

«  z  Sulfide 


lo-Phosphate 


ftpr  iMgcpbogp  ~1'Wm  wej>uA  f-tcjg&s 


csAm  ^cctp&tNrr^Ly  ^©T  eM 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


9Pm  *2- 


std  units  7  7 


std  units  *7  ‘  2 


mV  —  2721 


ppm  (N) 


Ppm  (N) 


PPm  (N) 


mm 


*'2 


f.o 


Media  Filter  Inlet  Pressure  I  psig  I  jff.  #  (p 


';M)J3l||.||=vni 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Flow  Rate 


spm 


%  stroke 


2  -/ 


'<60 


ftte$wne  rWy  \.\ 

peep  cojc,^  J  1 


•fill 


If  fO c>V@~?  ■ 

^V^V  <>fT  .  <£<5>'a*  4i»AC>  ?^ST*^=rErJEi  -~xh&  ■S'jSro^ 

f6g£>  l|o  ^VWk^Gi  /; 

AN^b  t*10^  / 

C4P*TVX**CrC 

€®iup^  ^r»A6 


B-64 


Data  Log  Sheet 
Date:  97  */  *  // 


Time:  /' 6V  Jo' AM 


ESTCP:  Technolc  'emonstration  Plan 
Perchlorate  Destruction  Usi..„  .Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  oF  T 


Field  Samples 


pH  calibration?  DYes  IZfNo  ORP  calibration?  DYes  0^Jo  Turbidity  calibration?-  5ZfYes  QNo 

Standards:  n4  V\1  niO  Temp(DsaC):  Standards:  do  0§O  0200  01000  QlfoOO 

Standard  Reading:  4:  7:  10:  Standard  Readinj£r20er"5’’^£'°  Readinas:  0.107:  0.301:  0.491: 

..  Lead  Sample  Lao  Sample 

Lead  Reactor:  ii/™BR1  if  MBfRi  in  LEAD:  SP-200B  0^  Sample  Collection  Time:  //) 3  O 

□  MfBR2  SP-100A  □  if  MBfR2  in  LEAD:  SP-100B  □ 

Parameter 

Units 

Influent 

•Lead 

Reactor 

•Lag 

Reactor 

Aeration 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 

Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

pH 

(std  units) 

7, 

7-V5 

7,3  7 

7,*  3- 

7><4<0 

773 

74>7 

Temperature 

<°C) 

11* 

3J2,  .1 

PH.l 

ZL/,0 

s>¥,o 

DjjA 

ORP 

(mV) 

-oLQ 

-13  f 

31% 

Dissolved  Oxygen 

(mg/L) 

9 

00°l 

0*1 

7,  ro 

3.0 

Nitrate  +  Nitrite 

(mq/L-N) 

°i 

3 

o 

o.x 

Nitrite 

(mq/L-N) 

o 

o*  75' 

Oc  l 

O 

Sulfide 

(mg/L) 

c 

O 

1,  0 

Oe. 5 

O 

Turbidity 

(NTU) 

orio  r 

0, 3>°l 

aai 

Chlorine  Residual 

(mg/L) 

o.o> 

■  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 

psi 

S-H 

GAC-1  Pressure 

psig 

/  Lo 

GAC-2  Pressure 

psig 

IX-1  Pressure 

psig 

_ 

Feed  Tank  Additions 

H3P04 

Sodium  Hypo 

Time 

— 

Initial  Tank  Level  (gal) 

Stock  Added 

Type  of  Water  Used  For 
Dilution 

Volume  Dilution  Added 
(gal) 

Total  Volume  Added 
(qal) 

Final  Tank  Level 

tn*\\ 

Backwash  Record 

Backwash  start  time: 

Backwash  duration 

min 

Initial  Product  Tank  Level 

gal/ 

Final  Product  Tank  Level 

/gal 

Time  of  sample  collection:  / 

Location 

Turbidity  prfu) 

TSS  Collected? 

Lead  Purge  1 

/ 

□  Yes  DNo 

Lead  Purge  2 

X 

□  Yes  DNo 

Lag  Purge  1/ 

□Yes  DNo 

Lag  F>U[g^2 

□  Yes  DNo 

Media  Filter 

□  Yes  ONo 

Note:  There  are  3785  mL  per  gallon. 


NOTES: 


Cc  i  Oti  SiTt.  TO  Aj  £U)  TloAT  iTCM  geccbPAt-/ 


Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

30 

C“ 

TO  "D 

Dissolved  Oxygen 

®  S 

Nitrate  +  Nitrite 

7 

_  0) 

CO  Z 

Nitrite 

S  12 

Sulfide 

/ 

%  * 

3  t> 

Chlorine 

Co 

o-Phosphate 

3 

ro  torAt^K^ioT,  A-PT  Sire  to  co^rmor  _ 

/)lC/or,  M nCTfefc*  £N>C>  OF  UtilT.  /TiClZ£P)S<ZO>  /l>iMA  M jpo  r  UM?  S&TT/^iSS  TV 


6Z  i0O%  S.L  /  IQ  Q%.\  CLl  fi6$it>uAL  Pilitcrcy 


Treatment  System  Inspection 

Outlet  Totalizer 

gal 

Q50GO& 

Target  Flow  Rate 

gpm 

to 

Internal  Recycle  Rate 

gpm 

Z^o 

MBfR  1  pH 

std  units 

7.2 

MBfR  2  pH 

std  units 

MBfR  1  ORP 

mV 

'*/ 

MBfR  2  ORP 

mV 

-MV 

Nitrate  Frequency 

Hz 

Last  N  Feed 

ppm  (N) 

7-?r 

Last  N  R1 

ppm  (N) 

2.10 

Last  N  R2 

ppm  (N) 

<777 

MBfRi  Sparge  Rate 

mm 

l¥o 

MB1R2  Sparge  Rate 

mm 

■ZHo 

Phosphate  Pump  Settings 

spm 

clO 

%  stroke 

3  o 

Phosphate  Concentration 

mg/LP04 

Aeration  Tank  Air  Flow 

scfm 

3.1 

Air  Tank  Pressure 

psig 

c.0 1  X 

Target  Media  Filter  Flow 
Rate 

gpm 

9 

Media  Filter  Inlet  Pressure 

psig 

3'° 

Media  Filter  Outlet 

Pressure 

psig 

Q,X 

Sodium  Hypo  Pump 
Settings 

spm 

■y  o 

%  stroke 

too 

Coagulant  Tank  Level 

gal 

o.£ 

Coagulant  Pump  Settings 

(o  *7^ ifJ 

C02  Cylinder  Pressure 

psi 

7<r 

H2  Cylinder  Pressure 

psi 

9 o 

N2  Pressure 

psi 

175 

N2  Flow  Rate 

scfm 

- 

fi<rf£{Z-  M^PlA  ficTeA-  —  &6S.  &  *22/^  „  77 \6ft£  4*  /Jo  coV€/z» 06  u)D 


) 


COKT, 

f?Of?T  jc  /O  o  f  $DpjL&M  H'-ff’O  Tflwy-  OJOUL-0  LCtf-P  "f HE  CO E>C£'^'T pArT  /&  Aj 

■fo  p£<3$LA£>e ,  CovePe.O  lid  lo)  BlAck  /m  ohpcel  ro  block  ti&up 

CCi  5T/CC  v/J  £ /T£  {p  / ;  j/t  ///O  ^  7-0  T/Z-O  i*f$  H  °*>T  ~/-j£  p£LAy$> 

foE  7H£  H/&H  COVCL  £tw  7£H . 


B-66 


Data  Log  Sheet 
Date:  "  f  fa  "  U 


■°  pH  calibration?  DYes  0 
J  Standards:  D4  D7  OIO 
™  Standard  Reading:  4: _ 


ESTCP:  Technolc  'emonstration  Plan 
Perchlorate  Destruction  Usi.  .Membrane  Biofilm  Reduction 
,  ESTCP  Project  Number  ER-200541 

gj _  Operator:  Bf  ft-CKO  ££ 


Field  Samples 


ORP  calibration?  DYes  EfNo  Turbidity  calibration?  DYes  OfkT 

Temp  (Deg  C): _  Standards:  DO  D20  D200  D1000  D4000 

Standard  Reading^20O Readings:  0.1 07: _ 0.301 : _  0.491 : _ 


Lead  Sample  Lag  Sample 


Lead  Reactor: 


if  MBfRI  in  LEAD:  SP-200B  □ 
.  MfBR2  gp.-ioQA  □  if  MB1R2  in  LEAD:  SP-100B 


D  Temperature 
m 

^  ORP 
ra 

w  Dissolved  O 


Nitrate  +  Nitrite 


Nitrite 


Sulfide 


Turbidi 


*Lag 

Reactor 

Aeration 

733 

7.T 3 

2i>  i 

1 

-HSO 

-  itf  s' 

Sample  Collection  Time:! 


TO  1_  C  C  Q  0)  *- 

=5  ®  9  »  .2  a  S 

id  -  2  o  ^  >  .<2  cu 


0)  Jr  I  ^  C  I  CM  C 


o  a>  a)  t-  <u 

!?  *-  !i-  2 


c  ?  = 


fc  a  S  x  =£5  O  S  o  S 


7,73 


Li. 


77^ 


VrST 


0.7S"  <9. 


Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Oa  7 


O 


O 


0.HS 


w. os 


Post  Finished  Water 
System  Inspection 

Colled  while  sump  is  running 

Bag  Filter  AP  |  psi  |  3 


Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psig 

IX-1  Pressure 

psig 

Feed  Tank  Additions 


Time  ,  Ijc 

Initial  Tank  Level  (gal)  ^  ^  l| 

Stock  Added  I  / LO 

Type  of  Water  Used  For  1  fA  ^ 

Dilution _ *  T 

Volume  Dilution  Added  *  . 

(gal) _ t  (l> 

Total  Volume  Added  / 

(gal) _ 

Final  Tank  Level  <-*• 

Lull _  'P'O 

Note:  There  are  3785  mL  per  gallon. 


H3P04 

ScxJium  Hypo 

/(fiO 

MIP.  h  v 

2,  fa 

23 

f« 

£7.0 

30 

_ Backwash  Record _ 

Backwash  start  time:  o2.  IQ  Of/-T 

Backwash  duration _ min _ 

Initial  Product  Tank  Level _ gal _ 

Final  Product  Tank  Level _ gal _ 

Time  of  sample  collection:  Q  fQOp  _ 

Location  Turbidity  (NTU)  TSS  Collected? 
Lead  Purge  1  DYes  CUNo 

Lead  Purge  2 _ DYes  DNo 

Lag  Purge  1  DYes  DNo 

Lag  Purge  2  DYes  DNo 

Media  Filter  J  ”7-  7  ^TjTes)  DNo 


Note:  shaded  boxes  are  to  remain  blank 

_ Inventory 

_ Type _ 

H3PQ4  Stock  (gal) _ ; 

Sodium  Hypo  Stock  (gal)  i 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


m 2B2S 


2o 


2.<7  ° 


~7,2- 


7,1 


ppm  (N)  7,7# 


ppm  (N)  |  (  <gO 


gal 


gpm 


gpm 


std  units 


std  units 


Nitrate  +  Nitrite 

'  S' 

Nitrite 

4 

Sulfide 

i 

Chlorine 

6 

o-Phosphate 

3 

Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate _ 

Media  Filter  Inlet  Pressure 

Media  Filter  Outlet 
Pressure 

Sodium  Hypo  Pump 
Settings 

Coagulant  Tank  Level 
Coagulant  Pump  Settings 


mg/LP04 


scim 


spm 

%  stroke 


3  <  3l 


7.3 

3.2 
<b  o 
/op 

\ 


CC  l  fMTPiLULP  a£lO  Tlotrr 

- T - 

s'lo/tch  7e<>T&rt-Dfr'l 

A HP 

$ucC59P<SLiy 

7^5  /  FzO  /  ‘f  tr 

P\?7  $(T£  To 

FePfctf-M 

mZAt)W5>  Mft 

I'^TniJAf^CC-  -Tf 

ISK5  AVjD  To  /M£fc-T 

recM^occGi 

wnB ixcr^h 

73  T  Pfi  fA&P 

C02  Cylinder  Pressure 

psi 

7  3 

H2  Cylinder  Pressure 

psi 

1C 

N2  Pressure 

psi 

/Cof 

N2  Flow  Rate 

scfm 

ftg-  1CU5  MAifOTfc/JAMCf-'  rrfSK-5  A/Xifr  To  MECT  M  Vl^tfcjl^  /AJ  7>/(z: 

'echf^occ&y .  CT  n  B  iU  T?p  PAIcH  1657  OF  Hfrf'fcj’  TM\<.  [wulPeD  0ff  /rJfLue-v 

■O  MP  hi  Air  i  TAUt  /40/0 

i^ll?AT6  ofA  ©|T  &tz&£ti—(pio  th<5  f°r  fla.  Fij^r  -7H£^ 


Data  Log  Sheet 


ESTCP:  Technolc  emonstration  Plan 
Perchlorate  Destruction  Usii.^,  .i/lembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator: 


Treatment  System  Inspection 


-$  pH  calibration?  OYes  EfNo 

|j  Standards:  04  D7  DIO 

™  Standard  Reading:  4: _ 7: _ 10: _ 


f  Lead  SampleMaq  6arru5le 


Field  Samples 


ORP  calibration?  DYes  Bfki 

Temp  (Deg  C): _ 

Standard  Reading:  286'/  20 


Turbidity  calibration?  DYes 
Standards:  DO  D20  D200  U1000  U4000 
Readings:  0.107: _ 0.301: _  0.491: _ 


Lead  Reactor:  E  Jf  MBJRVih^EAD:  SP-200B  □ 

5^MfSR2^-c5^3SCrr  If  M6tR2  in  U5AD:  SP-100B  □ 


Sample  Collection  Time:! 


_  HL  E 

m  I  Tr 


Q  Temperature 
9:  ORP 


w  i-  C  CM  C 


T5fl)a>w3a  oa)oa>  &  S  <S 

e  e  =  o  5  >  <=<=  x  3  |  i 

i7  it-  Q.  n  t  f-  >  75  *1-  75m-  —  m-  £  ^ 


jrQ-o 
lb  co 


=£5  oS  oS 


w  Dissolved  O 
Nitrate  +  Nitrite 

Nitrite _ 

Sullide 
Turbidi 


Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


7,8 


QS. 


733 


S’ 


0.5 


O 


o 


0.37 


>5  >S 


755 


Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running 


Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psig 

IX- 1  Pressure 

psig 

Feed  Tank  Additions 

I  H3P04  I  Sodium  Hypo 


Time 

Initial  Tank  Level  (gal)  Q  , 

Stock  Added  (^.l)  Q  £> 

Type  of  Water  Used  For  i  \  f 

Dilution _ I  h"  ' 

Volume  Dilution  Added  w 

(gal) _ cK  *  o 

Total  Volume  Added  t\ 

(gal) _ pi  -  0 

Final  Tank  Level  ?  A 

JnaU _ \Z> 

Note:  There  are  3785  mL  per  gallon. 


_ Backwash  Record 

Backwash  start  time: _ 

Backwash  duration _ 

Initial  Product  Tank  Level _ 

Final  Product  Tank  Level _ 

Time  of  sample  collection: 


Lead  Purge  1 
Lead  Purge  2 
Lag  Purge  1 
Lag  Purge  2 
Media  Filter 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBIR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate 


gal 


gpm 


gpm 


std  units 


std  units 


s 


our* 


7- a 


mV 


mV 


Hz 


ppm  (N)  I  75  V 


ppm  (N)  £)„  3  j 


mm  2%  O 


mg/LP04 


scfm 


TSS  Collected? 

□Yes 

□No 

□Yes 

□  No 

□  Yes 

□  No 

□  Yes 

□  No 

□  Yes 

□  No 

Type 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

■O  "O 

Dissolved  Oxygen 

i±I  a> 

Nitrate  +  Nitrite 

_  © 
ja  z 

Nitrite 

s  * 

Sulfide 

%  * 

<  <D 

f- 

Chlorine 

o-Phosphate 

Media  Filter  Inlet  Pressure  psig 

Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


spm 

%  stroke 


Coagulant  Tank  Level  ! 

Coagulant  Pump  Settings 

_ i 

C02  Cylinder  Pressure  I 

H2  Cylinder  Pressure  I 


3,3 


a)  i  l 


r  •  i 

A  7 

Go 

/OO 

^♦5 


~1C 

*10 


£3. 

j7£5/d'°). 

Apt  Tc.  ; 

CMLOfcitJg  i 


l  S  /£>  O 

\PtLL  Li 

’ezp vM 


iTlvh^  -Tc/Dtii 
SfiMPLf  1~\ 
>aJ iPtcAhxr  K 


N2  Pressure 

ri\\  5,  PoA  &  M  - — - — >—U4 — 

n  - — — -  N2  Flow  Rate  scfm  ^ 

1  £££ IcroK  o  - - — - - 

<z>/4  tozp  AJCrT  At>ju.S‘ 

STILL  At  <at>  SfM,  UPOIO  CHfc^tWG 


PtAh'V  f*  SEtTIMC^  0/-4 


lzg$it>uAL-  coAJcesJT/i^r^guji  /aJ  Both  7 -hs  u>p,t&vi  y-AWk  1 

pCjzT  M^i'a  TllT£F-  UO{P-£  >  S  PPM .  Awusn-k  5£rTT/*OC-i£  TZi  i/Q 


) 


l^ore^  &*jt . 

a>t±C*HTfi*TIO/J  FvrefL-  jZr/U  >£>j>fr*  .  dfoti  0&LOUJ&<Z,l*l& 

t~ u aa f*  ro  <pt)s.pM  j  100%  f  f?os>r  wei>/A  peas*  cD,  Sf>f>/^ .  ^/lfr<^c> 

^  ^  s6fe^6  tak»Hs  test  dual.  o w  FiVisJiej*  tuVre/^  ~> 


B-69 


)ata  Log  Sheet 


,  f D/Vti 


•~7  -CQ 


ESTCP:  Technolc  emonstration  Plan 
Perchlorate  Destruction  Usii.^  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  A  '^'eAA  ^ 


Treatment  System  Inspection 


S  pH  calibration?  ^JzVes  ClNo 
§  Standards: 7/A  D7  (ZTo 
«  Standard  Pleading:  4r  4<t  7:_ 


«  [Standard  Reading 


10: 


Field  Samples 


ORP  calibration?  ^2fYes  DNo 
Temp  (Deg  C):  fc 

Standard  Readinoia&eT'  ’2^0 


Turbidity  calibration?  JZ&es  dlNo 
Standards:  OO  020  0200  D1000  04000 
Readings:  0. 1 07:  ffi&0.301  0.49 1 : « 5  06 


ID  >.  C 

5SS 


D  Temperature 
o 

E  QRP 
as 

w  Dissolved  O 
Nitrate  +  Nitrite 

Nitrite _ 

Sultide 
Turbidi 

Chlorine  Residual 


System  Inspection  / 

Collect  while  sump  is  running  ^ 

Bag  Filter  AP  psi 

GAC-1  Pressure  psig  Tlk 

GAC-2  Pressure _ psig  /  '2-' 

IX-1  Pressure  psig 

Feed  Tank  Additions 

H3P04  SodiLyn  Hy 

rime 

n  itial  Tan  k  Level  (gal )  Q 

Stock  Added  I  ^oOf»/’j  | 

Type  of  Water  Used  For  ^ 

Dilution  '  _ _ _ 

Volume  Dilution  Added 

(gal) _ B _ 

Total  Volume  Added  |  JT’  l 

Ml _ _ _ 5 _ 

Rnal  Tank  Level  \ 

toil _ _ — - - 1 — 

Note:  There  are  3786  mL  per  gallon. 


1'H0\7‘4ie 


£c*7  I  ZC  9 


o 


0 


6  -  2 


Of  %> 


0 '3 


Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

'  ‘  L’T"  • 

2t-l 

i.tV”’  ►  v-  j 

:T.  • 

-7^ 

'  ^  l 

2/.  / 

7  .  - 

SSB 

.  J.  -  . 

:t..  y;.r 

i-r 

o 

1.7 

EB3 

mm 

i  .y 

*503 

□E9 

0 

.  ..  V- 

X  \>:t. 

T;  -f ’ 

gal 


gpm 


gpm 


std  units 


Note:  shaded  boxes  are  to  remain  blank 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


IES53HS3 


ai  -rev" 


Sodii 

(Ti  Hypo 

L_ 

— — 

Backwash  Record 


Backwash  start  time: _ 

Backwash  duration _ 

initial  Product  Tank  Level _ 

Final  Product  Tank  Level _ 

Time  of  sample  collection: 

Location  |  Turbidity  (NTU) 
Lead  Purge  1 
Lead  Purge  2 
Lag  Purge  1 
Lag  Purge  2 


Invento 


TSS  Collected? 


□  Yes  DNo 


□Yes  DNo 


□Yes  DNo 


□Yes  DNo 


□Yes  DNo 


Type 

H3P04  Stock  (gal)  ’ 

Sodium  Hypo  Stock  (gal) 

0*" 

■D  "O 

Dissolved  Oxygen 

.9?  TJ 

U_  <D 
_  ® 

Nitrate  +  Nitrite 

Nitrite 

o  <S 

Sulfide 

<  a) 

i- 

Chlorine 

o-Phosphate 

iMtve  xv—  6^  flirts  1  is>  UNfriuflfeP * 
pl*HP  p—/lX>Q  U  VgfiH  \AAD  ■, 

VtJ ^Cotton  <S^ipLv\  6[^NgD  r 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


mg/LP04 


scfm 


psig 


gpm 


Media  Filter  Inlet  Pressure  psig 


Media  Filter  Outlet 
_  PSI9 

Pressure 

Sodium  Hypo  Pump  spm 

Settings  %  stroke 

Coagulant  Tank  Level  gal 

Coagulant  Pump  Settings  - 

002  Cylinder  Pressure  psi 

H2  Cylinder  Pressure  psi 

N2  Pressure  psi 

N2  Flow  Rate  scfm 


mksiwEH 


*7' 2. 


std  units  -7- 2. 


mV  * — ’O'T 


mV  - Cq  £T 


ppm  (N)  4  <Fj?g, 


ppm  (N) 


ppm  (N)  [  s  L>  Y 


mm  yj  j 


6 


B-70 


Data  Log  Sheet 
Date:  / &/ *>  / 1 1 


B  pH  calibration?  QYes  I 
J  Standards:  D4  D7  DIO 
Q  Standard  Reading:  4: _ 


Lead  Reactor:  D  ^fBRl 

SH0IIBR2 


1  36ja/^\ 


Field  Samples 


ORP  calibration?  DYes  QNcT 


ESTCP:  Technolc  emonstration  Plan 
Perchlorate  Destruction  Usii.3  n/tembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  /Zp^oF F 


ORP  calibration?  DYe 

Temp  (Deg  C): _ 

Standard  Reading:  200: . 


Turbidity  calibration?  DYes  01^o 
Standards:  DO  D20  D200  D1000  D4000 
Readings:  0.107: _ 0.301: _  0.491: _ 


Lead  Sample 

SP-100A  □ 


if  MBfRI  in  LEAD:  SP-200B  □ 
if  MBIR2  in  LEAD:  SP-100B  O'" 


Sample  Collection  Time:! 


r  'D  *4 

n  l  c  ^  E  Q  a)  |-  i-ccMc  c 

5  «  »  »  .=  a  o-a  o  ^  *-8 

<d  —  —  o  "o  >*  ,S2  <u  <r—  <r—  x  — 

_  ir  u—  n  m  ^  ^  »+_  >  u_  _  u_ 


(3  5=  -  3= 

QJ  QJ 


t no 


Nitrate  +  Nitrite 


Nitrite 


Sulfide 


Turbidi 


Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours  : 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP  |  psi  \  I  3 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Backwash  Record 


sh  start  time: 


ration  min 


Level  I  gal 


see 

or fe* 


Feed  Tank  Additions 


Sodium  Hypo 


Time  of  sample  collection 


Location  Turbidity  (NT 


Lead  Purge  1 


Lead  Purge  2 


Lag  Purge  1 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


□Yes 

□  No 

□  Yes 

□  No 

□  Yes 

□  No 

Type 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

C“ 

-O  -o 

Dissolved  Oxygen 

CD  -q 
ii_  o> 

_  0) 

<5  z 

Nitrate  +  Nitrite 

Nitrite 

o  <2 

Sulfide 

5  * 

3  « 

<.  d) 

H 

Chlorine 

o-Phosphate 

Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


gal 


gpm 


gpm 


std  units 


std  units 


mV 


mV 


Hz 


ppm  (N) 


ppm  (N) 


ppm  (N) 


mm 


7*2 


'65o 


o 


o>Lfv 


Aeration  Tank  Air  Flow 


Target  Media  Filter  Flow 
Rate 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


mg/LP04 


scfm 


J.O 


f.o 


psi9  J). 


Note:  There  are  3785  mL  per  gallon. 
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Data  Log  Sheet 


Date: 


Time: 


^f'oc 


ESTCP:  Technolr  'emonstration  Plan 
Perchlorate  Destruction  Usil  „  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator: 


Field  Samples 


pH  calibration?  L/?es  DNo 
Standards:  ^4  L/io 
Standard  Reading:  4:  ' 1  * 


10: 


ORP  calibration?  ,  _ 

Temp  (Deg  C):  tl’^ 
10-  0 1  Standard  Reading:,20&— 

r" 


es  DNo 

u 


"Wo 


Turbidity  calibration?  /2es  DNo 
Standards:  Z0  ^20  $200  $1000  Q4000 
Readings:  0.107:  0.301:  A->  0.491  :j 


Lead  Reactor:  ✓0^lfBR1 

□  MfBR2 


Lead  Sample  Lag  Sample 

if  MBfRI  in  LEAD:  SP-200B jzf 


SP-100/ 


if  MBfR2  in  LEAD:  SP-100B  □ 


Sample  Collection  Time:  1 1  ( l  CO 


Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Bag  Fitter  AP 

psi 

'l' 

GAC-1  Pressure 

psig 

1-7 

GAC-2  Pressure 

psig 

4  - 

IX-1  Pressure 

psig 

2-'6> 

j  Feed  Tank  Additions 

H3P04 

Sodium  Hypo 

Time 

9*cp 

'b'OO 

Initial  Tank  Level  (gal) 

2- 

(o 

Stock  Added 

$ 

Type  erf  Water  Used  For 
Dilution 

inf 

Volume  Dilution  Added 

Oal) . 

3>'0 

lb 

Total  Volume  Added 
(gal) 

b-o 

Final  Tank  Level 

Coah _ 

-gir 

Note:  There  are  3785  mL  per  gallon. 


O-'b 


Note:  shaded  boxes  are  to  remain  blank 


„  .  WfPvirLT  [C  >SUvup 

Backwash  Record 

Backwash  start  time:  /  /  OO 

Backwash  duration 

min 

Initial  Product  Tank  Level 

gal 

- - 

Final  Product  Tank  Level 

gal 

— 

|T1me  of  sample  collection:  | 

Location 

Turbidity  (NTU) 

TSS  Collegted? 

Leading e  1 

□Ye>^'  DNo 

Lead  Purged 

DNo 

Lag  Purge  1 

>C 

_JpYes  DNo 

Lag  Purge  2 

nYes^-^QNo 

Media  Fittef^j 

□Yes  DNo  "■ 

Inventory 

Type 

.Check 

H3P04  Stock  (gal) 

¥ 

Sodium  Hypo  Stock  (gal) 

V/ 

Additional  Field 
Test  Kits  Needed? 

Dissolved  Oxygen 

Nitrate  +  Nitrite 

Nitrite 

V/ 

Sulfide 

Chlorine 

o-Phosphate 

4^r  .  u/uv-/ 


m-i  _  , . . . 

itip-fei&trf  iPrB  .  <£±>m  it  Avr 

-McVtcg  U&iL  five,  iN/5r~ 

flftvt  \SSue’B 


Treatment  System  inspection 

Outlet  Totalizer 

gal 

Target  Flow  Rate 

gpm 

10 

Internal  Recycle  Rate 

gpm 

/Bo 

MBfR  1  pH 

std  units 

MBfR  2  pH 

std  units 

7Z, 

MBfR  1  ORP 

mV 

MBfR  2  ORP 

mV 

Nitrate  Frequency 

Hz 

— — - 

Last  N  Feed 

ppm  (N) 

%-0'i, 

Last  N  R1 

ppm  (N) 

/-&  i 

Last  N  R2 

ppm  (N) 

MBfRI  Sparge  Rate 

mm 

2J& 

MBfR2  Sparge  Rate 

mm 

'2>jG 

Phosphate  Pump  Settings 

spm 

%  stroke 

<2 ,0 

Phosphate  Concentration 
at  Strainer 

mg/LP04 

Aeration  Tank  Air  Flow 

scfm 

&7  TL 

Air  Tank  Pressure 

psig 

b-- 1 

Target  Media  Filter  Flow 
Rate 

gpm 

7*6 

Media  Filter  Inlet  Pressure 

psig 

Media  Filter  Outlet 

Pressure 

psig 

/'Sr 

Sodium  Hypo  Pump 
Settings 

spm 

%  stroke 

V(  ( 

Coagulant  Tank  Level 

gal 

/ 

Coagulant  Pump  Settings 

' 

2- 

C02  Cylinder  Pressure 

psi 

?° 

H2  Cylinder  Pressure 

psi 

(po 

N2  Pressure 

psi 

m- 

N2  Flow  Rate 

scfm 

Ois>i/ijo  c  ld  try 

— •  5*1 


0  '  *& 


Uctxx  cm x  z 

C^>\M  At  FOiMt*  tf/OCte . 

w-HMAi ay  moiA3  . 

6w  -=^^oau^3T  tW-KUL  UUKi€r  -to  ~rke  .  AFT  m<s  Q*eb\xc&o 

fjivo  ~jp  s  -  k$>r  \uatS  iQ^fiu^p  -w  ftae^_  Alo  <5bacn©^ 

<Xfc*A*  LAW  A CitG  “to  C^AUlg^v-^  *=kTU<JM3l,kt tV  H^v£Vl_ 
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0 

co 

%  s 

» T&i-p* 

/^% 

”2- '  £" 

^To  ■ 

^Ks 

-£&S$ 

f^s 

A€‘^M*TT0#4 

'TJb-^j 

0 

/3.r 

H- 

“‘faPep  i^-BfU  Xkiijp 

sjA.o 

b 

//° 

0 

^IMA-  p(UTSj^ _ 

U\ 

b 

6? _ 

0 

c%!>\-  ki-r 

ii 

(fiO 
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Data  Log  Sheet 

Date:  /°A>/"  Time:. 


■B  pH  calibration?  ^Yes  DNo 
E  Standards: ^4  ZflO  n(1  4 

Q  Standard  Reading: 10:  fQ'tl 


Tvs' 


ESTCP:  Technolc  emonstration  Plan 
Perchlorate  Destruction  Usii.0  ./lembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541  . 

Operator 


'TUE-E>VOW'f  Vrc/  Vt^i 


Field  Samples 


ORP  calibration?  yrfes  DNo 

Temp  (Deg  C): - 

Standard  Readingr-edOr  'ZA  r> 


Turbidity  calibration?  jZIYes  DNo 
Standards:J/6  ^20 ^200  JZtlOOO  '/4000 
Readings:  Q.1Q7>t? I  0.301  :±  Tf^.491  T&&Z- 


Lead  Reactor:  □  MfBR  i 
7BR2 


Lead  Sample  Lao  Sample 

if  MBfRI  in  LEAD:  SP-200B  □ 
SP-1 00A  jZ  if  MBIR2  in  LEAD:  SP-1 00B 


Sample  Collection  Time:  I 


Aeration 

Media 

Filter 

Effluent 

3  <0/ 

-7<T\ 

o  Temperature 
ai  - - 

^  ORP 
ns 

w  Dissolved  O 
Nitrate  -t-  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 


2-i-ST 


<7 

WMM 

o.o 

2-1 -ST 


0.0 


0 


7 


U'?> 


(p-  < 


o 


C 


i'U* 


Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Backwash  Record 


Backwash  start  time: 


Invento 


1S3B1 


Feed  Tank  Additions 


H3P04  I  Sodium  Hypo 


3o 


Time  of  sample  collection: 


Location  Turbidi 


Lead  Purge  1 


Time 


initial  Tank  Level  (gal) 


Type 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

C'- 
-O  'S 

Dissolved  Oxygen 

i?  o 

Nitrate  +  Nitrite 

_  (D 

«  z 

Nitrite 

o  £ 

Sulfide 

^ 

5  « 

Chlorine 

o-Phosphate 

MeOia  Filter 


Note:  There  are  3785  mL  per  gallon. 


O&Y*  NcncSD  T  tL-TSW—  A  VO  &UB&-TBD 


v-e 


r  u>cmtcKS  ,  Fpcet 


(vi  Brx 


B-75 


Bui 


Treatment  System  Inspection 


gal 


gpm 


gpm 


std  units 


std  units 


mV 


mV 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


LastN  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


mg/LP04 


scfm 


psig 


gpm 


Media  Filter  Inlet  Pressure  psig 


Hz 


PPm  (N)  \€><  l ^ 


(Sr(t> 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Flow  Rate 


_ 

Jhw&ri 


1  *  9-7 


6 

CO 

Wl/ 

b^'^^-A“t_lON' 

/  <2K*£l  US*’) 

2W- 

1^ 

0 

ji.^o#HnoiO 

£,e$>e^  Ut>\ 

2-1  •  o 

Hi 

e> 

t 

Kx5Tf?& 

^TriN^rt  ~1V 

jOo  'SzT&ov-eg  ^£-&-  v*"i(0  w  j  1&&  c/°  ■§s'T&<tk&  t*c  THC 

Wwa^CF  -tz>  ^-fe£ i±>t<uA  L  “IK^ 

— t1AW(^-, 
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Data  Log  Sheet 
Date:  A  H  , 


ESTCP:  Technoloi  imonstration  Plan 
Perchlorate  Destruction  Usinb  .membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  B&rZtfUko  P  F 


Field  Samples 


B  pH  calibration?  [JfYes  DNo  $&&&  ORP  calibration?  DYes  BfMo 

J  Standards:  04  CJ^'  DIO  „  Temp  (Deo  C):  *■* 

™  Standard  Reading:  4:  y,ci7: Standard  Reading:  200:  *~ 


Lead  Sample  Lag  Sample 

Lead  Reactor:  LJMIBR1  if  MBfRi  in  LEAD:  SP-200B  □  Sample  Collection  Time: 

5mBR2 


Turbidity  calibration?  5)Yes  DNo 
Standards:  DO  D20  D200  D1000  04000 
Readings:  0.107: _ 0.301: _  0.491: _ 


if  MBfRi  in  LEAD:  SP-200B  □ 
SP-1 00A  □  if  MBfR2  in  LEAD:  SP-1 00B  OS’ 


mi mm 


O  Temperature 
© 

^  ORP 
ra 

w  Dissolved  O 


Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 
Chlorine  Residual 


7,2.0 


I  X.cx* 


€  £  1  ?  I  8.  |  a 

0-2  d  D  >  .<2  ra 

s  u.  ^  Q-  o  I  c  § 

iu  w  E 


♦4  4^  +-I  T3 

t-  C  CN  C  C  «  = 

y  S  y  S  | £ 

<=<=:  X—  t  d 

°  £  °  £  £  ^  ° 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


psig 


GAC-2  Pressure  |  psig 


IX- 1  Pressure  psig 


Feed  Tank  Additions 


Backwash  Record 


Backwash  start  time: 


Backwa^fcduration 


Note:  shaded  boxes  are  to  remain  blank 


Invento 


_  Type 


H3P04  Stock  (gal) 


Sodium  Hypo  Stock  (gal) 


Time  of  sample  collec 


Location  Turbidity  ( 


Lead  Purge  1 


Lead  Purge  2 


TSS  Collected? 


□  Yes  DNo 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


H3P04 


?\io 


Sodium  Hypo 


imnxmz 


•mSMESmi 


Nitrate  +  Nitrite 


Nitrite 


o  £  |  Sulfide 
£  2 


Chlorine 


o-Phosphate 


□Yes 

□  No 

□Yes 

□  No 

"  UuCcl’efrrP  K  IT 


To  OZ&MT .  cty Co v ho/ 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


gal 


gpm 


gpm 


std  units 


std  units 


mV 


mV 


Hz 


ppm  (N) 


ppm  (N) 


IVO 


7,3- 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRi  Sparge  Rate 


MBfR2  Sparge  Rate  mm 


Phosphate  Pump  Settings 


mg/LP04 


scfm 


psig 


gpm 


Media  Filter  Inlet  Pressure  psig 


ppm  (N)  Q  ST 


mm  |  <2  H  © 


3<-{o 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


3,  ‘S' 


/>  3 


S>;A-  f'l£T<=rR- 


A )OTBs> 


USet>  £/L(cc*3  Solution  To  pPe?  s' Am  Pie  V)Al$  pnT/^>&  TmPe  )P/Me're& 
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B-78 


Data  Log  Sheet 

Date: 


“  pH  calibration?  zfVes  DNo 
J  Standards:  0^  DIO 
^  Standard  Reading:  4:  9**3°  7:_k±±°_  10:_ 


Lead  Sample  l 


ESTCP:  Technolc  (3monstration  Plan 
Perchlorate  Destruction  Usii,a  .Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator: ,  fag/ZoKO?  F 


Field  Samples 


ORP  calibration?  DYes  IHNo  ^ 

Temp  (Deg  C):_ - - 

Standard  Reading:  200:  ' 


Turbidity  calibration?  LJyYesJ  pNo 
Standards:  P0  D20  D200  P1000  04000 
Readings:  0.107: _ 0.301: _ ‘  0.491 :  ■ 


Lead  Reactor:  OMfBRI 
H/M1BR2 


if  MBfRI  in  LEAD:  SP-200B  □ 
SP-1 00A  □  if  MBf R2  In  LEAD:  SP-1 00B  W 


Sample  Collection  Time: 


Parameter 

Units 

Influent 

‘Lead 

Reactor 

‘Lag 

Reactor 

c 

o 

ts 

im 

tt 

< 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

mmm 

7’/ 

mw&m 

WBR 

WSEk 

Temperature 

/q,  s 

2l< 

J _ 

Obi 

HM 

£0 1 

o  \ 

O * 

0 * 

7,  sr 


/,  r 


o 


Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 
Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


\.$Q 


0,0 


Note:  shaded  boxes  are  to  remain  b 


Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running 


Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psig 

IX-1  Pressure 

psig 

Feed  Tank  Additions 


_ Backwash  Record _ 

Backwash  start  time:  il  w  ,  z 

Backwash  duration _ min _ 

Initial  Product  Tank  Level _ gal _ 

Final  Product  Tank  Level _ gal _ 

Time  ol  sample  collection: _ 

Location  Turbidity  (NTU)  TSS  Collected? 
Lead  Purge  1  —  DYes  PNC 


Initial  Tank  Level  (gal)  (Q  y 

Stock  AddedJ^fljjgjj)  Ul2 
Type  of  Water  Used  For 

Dilution _ 

Volume  Dilution  Added  /v  -7 

(gal) _ cJ*  5 

Total  Volume  Added  -  <n 

M _ (Vs  y 

FinalTankLevel 

Note:  There  are  3785  mL  per  gallon. 


Sodium  Hypo 

o  ~eo 


Lead  Purge  2 
Lag  Purge  1 
Lag  Purge  2 
Media  Filter 


□Yes  DNo 
□Yes  DNo 

□  Yes  DNo 

□  Yes  DNo 
&fes  DNo 


_ Type _ 

H3PQ4  Stock  (gal) _ 

Sodium  Hypo  Stock  (gal) 

^  §  Dissolved  Oxygen 

-3  Nitrate  +  Nitrite 

u.  ®  . . 

re  3  Nitrite 


EmircmvaraBi 


Chlorine 

o-Phosphate 


WpiZfiuBK- 

/<? 

30 


/Cf-ftereE.  1  HA<> 

T Wf  Mc£utL£& 

£>f -PLIkiE  .  REAcrdtl 

2-  a 

iM<>  MBC 

S OffL/KiG 

i  (APT  ito&itfiT&b 

THAT 

0^6-  Of  WL 

A/  MCfWlfe 

fAnefi  *v<zz  -fHe 

Treatment  System  Inspection 


gpm  fO 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


gpm 


std  units 


sld  units 


mV 


mV 


mg/LP04 

Aeration  Tank  Air  Flow 

scfm 

Air  Tank  Pressure 

psig 

Target  Media  Filter  Flow  „ 

_  gpm 

Rate _ 

Media  Filter  Inlet  Pressure  psig 

Media  Fitter  Outlet 
Pressure  ps'B 


T3 


Sodium  Hypo  Pump 
Settings 

Coagulant  Tank  Level 
Coagulant  Pump  Settings 
C02  Cylinder  Pressure 

H2  Cylinder  Pressure 

N2  Pressure 
N2  Flow  Rate 


spm  SO 
%  stroke  _JOO 


%7 


■Tu&ip/M-eTe 


I  hi  Pc  p.  CTofe-V  us 
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etjed  $e  tr  txrtubj* 

U>  jaod&l  ihi$r£*£>. 


)  •  ) 

(JpOiJ  7 off  CHlopMf  7MIK  f  te&vceP  U  t 

To  3  Off**  (tn«*  y°)  ■  tZoicfreo  ta*Jk  /Ifree  bQ  ^ 
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B-80 


Data  Log  Sheet 

It/  'll 


Date: 


Time: 


^00 


ESTCP:  Technolc  emonstration  Plan 
Perchlorate  Destruction  Usii.0  , Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

_  Operator: _ 


Field  Samples 


pH  calibration?  es  ZINo 
Standards:  D4  D7  DIO 
Standard  Reading:  4: _ 7:_ 


ORP  calibration? 
Temp  (Deg  C): _ 


jrfi 


.10:. 


Lead  Reactor:  OJWBRI 
Lf’MfBR2 


Lead  Sample  Lag  Sample 

it  MBfRl  in  LEAD:  SP-200B  □ 
SP-1 00A J zf  if  MBfR2  in  LEAD:  SP-1 00B. 


Standard  Readino:^fl&i-  2**^ 

—  tea 


Turbidity  calibration?  ,  DYes  DNo 
Standards:  OO  D20  D200  m  000  0  4000 
Readings:  0.107: _ 0.301 : _  0.491 : _ 


Sample  Collection  Time: 


\U  oo 


'  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psifl 

IX-1  Pressure 

As: . 

Feed  Tank  Additions  j 

H3P04 

Sodium  Hypo  | 

Time 

H939I 

Initial  Tank  Level  (gal) 

$-er 

Stock  Added 

o 

o 

Type  of  Water  Used  For 
Dilution 

WAr 

Volume  Dilution  Added 

(gal) 

o 

o 

o 

© 

1  i  li?  fc  p Wn  IWbW 

rmlWi^sS’! 

Ea 

,  Backwash  Record 

Babkjyash  start  time:  / 

min 

IHPSi 

Time  of  sample  collecflbQ: 

Location 

TSS  Collected? 

Lead  Purge  1 

^  s 

9E££XEm 

Lead  Purge 

/ 

1 

1 

Lag  PuigT  1 

Media  Filter 

Note :  There  are  3785  mL  per  gallon. 


NOTES: 


APT  0t*6 SsfLAm  TtBeiAS  lgSt£.  &ET 


frefux,  Turoy^  At s>  >  Apt  -that  is  mc 

M&eo  HJ  it  PxtL  m&S~ 


.  &p*r  also  e*p^N€5>  -\mt~ 


Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

x>  £ 

Dissolved  Oxygen 

m&m  \ 

i?  ^ 

Nitrate  +  Nitrite 

& 

_  CD 

«  Z 

Nitrite 

§<2 

Sulfide 

4 

1  * 

2  a 

Chlorine 

zr 

£ 

o-Phosphate 

a 

Treatment  System  Inspection 

Outlet  Totalizer 

ga! 

Target  Flow  Rate 

gpm 

10 

Internal  Recycle  Rate 

gpm 

(0o(f“*t 

MBfR  1  pH 

std  units 

*7*2 

MBfR  2  pH 

std  units 

”7*2. 

MBfR  1  ORP 

mV 

MBfR  2  ORP 

mV 

Nitrate  Frequency 

Hz 

— — 

Last  N  Feed 

ppm  (N) 

Last  N  R1 

ppm  (N) 

Last  N  R2 

ppm  (N) 

-n ,  cr_ 

MBfRI  Sparge  Rate 

mm 

2&e> 

MBfR2  Sparge  Rate 

mm 

Phosphate  Pump  Settings 

spm 

%  stroke 

"4,0 

Phosphate  Concentration 

mg/LP04 

Aeration  Tank  Air  Flow 

scfm 

Air  Tank  Pressure 

.psig 

2-  rO 

Target  Media  Filter  Flow 
Rate 

gpm 

O 

Media  Filter  Inlet  Pressure 

psig 

yf  <■  (o  \ 

Media  Filter  Outlet 

Pressure 

psig 

/•ST 

Sodium  Hypo  Pump 
Settings 

spm 

%  stroke 

too 

Coagulant  Tank  Level 

gal 

*> 

Coagulant  Pump  Settings 

l£ti/9 9. 

002  Cylinder  Pressure 

^9 

H2  Cylinder  Pressure 

psi 

EM 

N2  Pressure 

psi 

wsm 

N2  Flow  Rate 

scfm 

J 


0*0%. 

^>P7 


\B--Z. 


$ 
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<£*U-  . 
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rAt-- 

PASS'! 

^ --tu^w  c’v* 

1 

0g. 

12-% 

P 

2.0-1 : 

'2JO*'l 

CrO 

ppv^i 

P 

<*/*> 

tCT 

P 

0/0 

O 

4^S 

i-S'pp^ 

P 

yb 

O 
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Data  Log  Sheet 
Date:  lO/^/w 


pH  calibration?  0Yes  LJNo 

Standards:  04  0 1  DIO 

Standard  Reading:  7:  (j7\%  10: 


Load  Sample  Lag  Sample 


Field  Samples 


ESTCP:  Technolc  emonstration  Plan 
Perchlorate  Destruction  Usi. . Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator: 


ORP  calibration?  DYes 

Temp  (Deg  C): _ 

Standard  Reading:  200: . 


Turbidity  calibration?  . 
Standards:  StO  1^20  B|l 
Readings:  0.107: _ 0.31 


on?  .  HYes  DNo 
20  a|oo  B4ee<r 

_ 0.301: _  0.491: _ 


Lead  Reactor:  u  MfBRi 
B1WBR2 


if  MBfRI  in  LEAD:  SP-200B  □ 
SP-100A  □  if  MBfR2  in  LEAD:  SP-100B  0^ 


Sample  Collection  Time:| 


4-  i  o 


t-  c  cm  c  c 

O  §  O  §  ^  § 

<  =  <  =  ><  =. 

0«C  (3  C  C 

LU  w  m  qj 


Q  Temperature 

ORP 

ra 

Dissolved  O 


Nitrate  +  Nitrile 

Nitrite _ 

Sullide 
Turbidi 
Chlorine  Residual 


■'/Ml 


.90.  ST 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


H3P04  I  Sodium  Hypo 


Backwash  Record 


<A 


Invento 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


Type  of  Water  Used  For 
Dilution 


iFinal  Tank  Level 


(0 1 30 


Backwash  start  time: 


Backwash  duration 


Initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection:  H 


Location  Turbidity  (NTU) 


Lead  Purge  1 


Lead  Purge  2 


Lag  Purge  1 


Lag  Purge  2 


Media  Filter 


5-v/y 


Type 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

e- 
T3  -D 

Dissolved  Oxygen 

.9?  TO 

LL  Q) 

_  © 

c  Z 

Nitrate  +  Nitrite 

Nitrite 

o  j2 

Sulfide 

§  * 

<  o 

1- 

Chlorine 

o-Phosphate 

Note:  There  are  3785  mL  per  gallon. 


Treatment  System  Inspection 


gal  65 '%IOO 


gpm 


gpm 


std  units 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBIR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Media  Filter  Inlet  Pressure  psig 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


,1 


std  units  7 {  JX 


ppm  (N)  <$.  0C( 


ppm  (N)  I  0,9} 


30 


%  stroke  |  f  QQ 


ccAWiA^r  7 A  hi*  £Mpry  uPchj  Af-N'ffiiL  4  l.frM  focma? 


C02  Cylinder  Pressure 

psi 

H2  Cylinder  Pressure 

psi 

N2  Pressure 

psi 

N2  Flow  Rate 

scfm 

/>  % 


Rzcd  UCT  TA**  (MTk)  :o,6  10 


B-83 


/<i  oTZ  c  oaj  )  . 


Took  q-6AS>  TOP  A y „  L&VZ1.5  ZtSfLo  GKCeTT  0^_  (jO.OjJ^ 

Took  fss  a^-D  Tu&BibfTy  s%MPie$  Oh±  M£f'£-  SiPA&^fc, 


2_  \  DoP 

'fuF.B  iS»^^relt- 


577)KiD  A££>5 

OC  f» fgg 

B>ZfOd£ 

£ALie/ZfirWh> 

' 

Fo^r 

Cfru  ZMriohJ 

<  <9,  l 

O^ot 

0*0  7 

^  I 

£Oa  i 

/oo 

99  ■  S' 

^6],3 

Soo 

1%7 

1°lc) 
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Data  Log  Sheet 


Date:_ 


•2  pH  calibration? 
.□  Standards: 


ESTCP:  Technolor  jmonstration  Plan 
Perchlorate  Destruction  Usirr,  .embrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  §£  tZ-£>Kc  Ff 


Field  Samples 


ORP  calibration?  ISl^es  ONo 
Temp  (Deg  C): 

2-  to 


$  | Standard  Reading:  4:  7:  "7.01  10:  ;<&>OQ  Standard  Reading: 


Lead  Sample  Lao  Sample 


Turbidity  calibration?  l2Yes  DNo 
Standards:  DO  D20  D200  D1000  D4000 
Readings:  0.107:  _ _ 0.301: _  0.491: _ 


Lead  Reactor: 


Q  Temperature 

fl°RP 


if  MBfRI  in  LEAD:  SP-200B  □ 
4fBR2  Qp-tooA  □  if  MBfR2  in  LEAD:  SP-1 00B,  0^ 


in 


w  Dissolved  Q 
Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 
Chlorine  Residual 


*  Signifies  MBfR  1  or  MBIR  2 


?.o 


O 


o 


o .  i 


*Lead 

Reactor 

*Lag 

Reactor 

7,  3  a 

mmm 

2/.  5L 

g aa 

0,  tC 

Ot  (O 

^,25 

mm 

O  c  ( 

o 

0,  7 

1 

Sample  Collection  Time:! 


e  ^  +*  +* 

(0  i_  C  ^  C  0  CD  r-  C  CMC 

:5£i®g  =  Q.-=S!  o?  O? 

~  -2  <=  <  = 


s  “■  °  i  =  5  s  £  3  S  "  £ 


'Z'L  /  c2/.© 


~Z 


7,  o 


y 


|<9,?6 


7,73 


depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


O- 


e<  y% 


u<r 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP  I  psi  I  CL 


GAC-1  Pressure  I  pslg 


GAC-2  Pressure 


IX- 1  Pressure 


Backwash  Record 


Backwash  start  time: 


Backwash  duration 


Feed  Tank  Additions 


H3P04  I  Sodium  Hypo 


Time  of  sample  collection. 


Location 


Lead  Purge  1 


Type 


H3R04  Stock  (gal) 


Sodium  Hypo  Stock  (gal) 


£  (Dissolved  Oxygen 


^  T-j  ui&ouiveu 

*o  Nitrate  +  Nitrite 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


u.  0) 

«  z  Nitrite 
o  £  Sulfide 


7 


e^U  ~8r 


*'1 


LI! 


NOTES: 


Chlorine 

o-Phosphate 


□Yes 

□No 

□Yes 

□No 

Treatment  System  Inspection 


gal 


gpm 


gpm 


std  units 


std  units 


Outlet  Totalizer 


Target  Flow  Rate 


internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate  mm 


Phosphate  Pump  Settings 


mg/LP04 


scfm 


psig 


gpm 


Media  Filter  inlet  Pressure  psig 


to 


7 


7'Z 


ifftmiiTJ 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 
Rate 


i&KL y  SAMPLES  ,  MOVftit'i  tti  ccupiibM: 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


ppm  (N)  Qy/(p 


ppm  (N)  |  2 


7  Vo 


-  7 


a 


o 


°i,o 


/•? 


spm  I 


%  stroke  /  O  O 


Data  Log  Sheet 


Date:  \OI3\IS\ 


Field  Samples 


ESTCP:  Technolor  imonstration  Pian 
Perchlorate  Destruction  Usii .embrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator: 


Lead  Reactor: 


□  MfBRI 
B'fo1BR2 


Lead  Sample  Lao  Sample 

if  MBfRI  in  LEAD:  SP-200B  □ 
SP-1 00A  □  if  MBfR2  in  LEAD:  SP-100B  &T 


Sample  Collection  Time: 


Parameter 

<A 

"E 

Influent 

*Lead 

Reactor 

*Lag 

Reactor 

Aeration 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

. 

std  units 

7.  &  3 

6,53 

7.  <30 

7. 

7>  65 

MM 

MM\ 

1 

(#<o 

Temperature 

ORP 


Nitrato  +  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 


3,0 

i”  ‘  | 

1 

£31- 

Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  Is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


Sodium  Hypo 


a  I  30 


/n3F’ 


Backwash  Record 


Baclfwash  start  time: 


Time  of  sample  collection: 


Location  (NTU) 


Lead  Purge  1 


Lead  Purge  2 


TSS  Collected? 


□Yes  DNo 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


Type 


H3P04  Stock  (gal) 


Sodium  Hypo  Stock  (gal) 


Dissolved  Oxyge 


2  2 

.£  ■§  | Nitrate  +  Nitrite 


U_  (D 

■5  J?  Nitrite 
|  42  |  Sulfide 
£  * 


Chlorine 

o-Phosphate 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Row  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate  mm 


Phosphate  Pump  Settings 


mg/LP04 


scfm 


psig 


gpm 


Media  Filter  Inlet  Pressure  psig 


std  units  I  ,  3_ 


7,Z 


'Hi  3 


-2H3 


ppm  (N)  ^ 


ppm  (N)  q  ^ 


ppm  (N)  Q  (  7  -7 


mm  2  U  O 


•]  i  f-1  J  1 1  ( L;  l  ( L*  J I 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


NOTES: 


Note:  There  are  3785  ml  per  gallon. 


Media  Filler  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


J.-o 


7.3 


/.r 


spm  HQ 


%  stroke  I  IG  O 


r*6  te£  fikcVkCH&ck  re^r 


cm  ML  OkKfoti 
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Data  Log  Sheet 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Zero  Calibration?  DYes  UNo 


Time 


Carbon  Monoxide  (ppm) 
Oxugen  (%) 

Methane  {%  LEL) 
Hydrogen  Sulfide  (ppm) 


Air  Monitoring 


Mixed  Cylinder  Aeration  Tank  MBfR  1  MBfR  2  OIT  Area 


2.IQO  P 


go© 

(GO 
90 
<  ©„  \ 


I  /oo 
(  Q«Q<6 


p«  re $Ti 


CC I'  HfcCH 

APT s  prefer 


fRiOp.  " 

b  ration* 

P®sr  eAiiB&Ariohi 

sa^pib  1 

CDM  fIBLD  P^cfeE 

(te  b 

Apt 

C£>M  FlBi'P  fPcBE"  HftCfl  (c£j)  | 

APT 

jNif  UiAg'/oT 

7  76 

7 «  /  <3- 

77 

7,7  3 

7,67 

7.V 

7,/V 

7.1 

7./ 5  . 

7,  <7-7 

6,7 

~Ta7? - 

7.6  3 

7.75' 

7,6 

7,  66 

7.6  7 

7A1 

7  7<? 

7,4 

7,4s 

7  T5 

7,5 

Fitrez 

liH 

7.8^ 

7,7 

7« 

7f»? 

7,y 

fthJ  r$  nep 

7,<U 

r%> 

7,7 

7.?$ 

7.45 

7.  S' 

Data  Log  Sheet 

Date: 


ESTCP:  Technolo'  emonstration  Plan 
Perchlorate  Destruction  Ush  v  ,  iembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541  . 

_  Operator: 


Field  Samples 


es  CNo  ORP  calibration? 

10  ^  Temp  (Deg  C): _ i_ 

iq:  /V »  jO  Standard  Reading: 


Lead  Reactor: 


Lead  Sample  Lag  Sample  > 

°,MfBR1  if  MBfRI  in  LEAD:  SP-200B  □  1 

2MtBR2  SP-100Ajg  if  MBfR2  in  LEAD:  SP-IOOBJ^ 


E^Yes  DNo 

7  /g./ 


2/1° 


Turbidity  calibration? 
Standards:  BO  020  csd 
Readings:*!t07T_t  m 


'\3(e 


Yes  ,  UNo  , 

nfooo  mooi 


Sample  Collection  Time: 


o  raiooo  emooo 

■  0303 :  ft"  *i?7'7  heWr  ^  J  ^~7  7 


■*-*  #- 

<0  u  c  C  q 

=5  ®  ®  «»  .2  o. 

I  if  i  £  B  i 

113  O) 


«  2  o 

,S2  ns 

3  5a 


H 

L 

std  units 

□ 

7-^7 

7  'SU> 

7 

sail 

yS'L 

779 

w^A 

7- 

“  Temperature 

~CL  _ 

E  ORP 

«  - 

CO 

Dissolved  Oxvaen 


Nitrate  +  Nitrite 
Nitrite 
Suifide 
Tiirbidi 
Chlorine  Residual 


Signifies  MBfR  1  or 


—  W'z.c'L  —  Sc 


Q>  i  k  $  'ST 


MBfR  2  depending  on  it  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Backwash  Record 


|  t-0 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


Sodium  Hypo 


|Eg£S£l 


Initial  Product  Tank  Lfev^l 


Final  Product  Tank  Level 


Location 


Lead  Purge  1 


Lead  Purge  2 


Lag  Purge  1 


£  Dissolved  Oxyge 
!§  •§  Nitrate  +  Nitrite 

UL  CD - 

■5  2  Nitrite _ 

s  £  Sulfide 

■—  - 

■o  *5  Chlorine 

<  m  11 

i-  o-Phosphate 


TUP- 1  wfp  : 


Note:  There  are  3785  mL  per  gallon. 


vgft-7  vaJimdv  oNSite,  cbw  ^  (McU  W&- 


TK-Oft/l  \A)(HD «-  C&M  Loujggfcp  (gyiLof i»Jg  Tu^>  7^ 
/bc  ^gkesg/)>tu>  £^Xvr 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


gal 


gpm 


gpm 


std  units 


•7  -Z. 


std  units  -7.2. 


“3  *7-2- 


"77 


ppm  (N) 
ppm  (N)  & 


ppm  (N)  O  -  ^  j 


mm  I  <z^o 


Aeration  Tank  Air  Flow  I  scfm 


Air  Tank  Pressure  |  psig 


gpm 


Media  Filter  Inlet  Pressure  I  psig 


3-2- 


± ,  j 


?'sr 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


]h2  Cylinder  Pressure 
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ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541^^ 


Operator: 


c  pH  calibration 

B  standards^' 


Standard  Reading 


IUVI  i:  *->  - - y  - 

y/,4  jzl7  GT10 
Reading: 


Field  Samples 

1  calibration^  lAes  Df 

Temp  (Deg  C):_  - 


"ITurbidity calibration'  /W  UNO 

Standards.  ^0  yfe  /z6o  /t000  ^WOO 
Readings: 

0  136:  •  ^6T  0.30:  *0* - "  §1 


Treatment  System  Inspection 

Outlet  Totalizer  gal 

Target  Flow  Rate  gpm  j O _ 

Internal  Recycle  Rate  ™m 


MBfR  1  pH 
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ESTCP:  Technology  Demonstration  Plan 
Perchlorate  .Destruction  Using  .Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541  ’  "  ' 


>--S  Air  Monitoring 

Zero  Calibration?  DYes  -  DNo  "  - 

Mixed  Cylinder 

Aeration  Tank 

‘  MBfR  1 

MBfR  2 

OIT  Area 

Tim© 

, 

Carbon  Monoxide  (ppm) 

'v 

Oxugen  (%)  '• 

y  ■ 

Methane  (94  LEL) 

Hydrogen  Sulfide  (ppm) 
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ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
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Treatment  System  Inspection 


.  uroiaiiy  canoraiion  <  urres  uno 

Standards:  □£()  0200  01000  04000 


Readings: 

/- - 
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vet  zd/sh  )ppi  tig 

0.30: _ " _ 0.50:_ 


Chlorine  Residual 


*  Signifies  MBtR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 
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Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 
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Last  N  R2 
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MBIR2  Sparge  Rate 


Phosphate  Pump  Settings 
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/O 
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ESTCP  Project  Number  ER-200541 
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Treatment  System  Inspection 
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Note:  There  are  3785  mL  per  gallon. 


Pczv'-'Z  At  UAiV  F’c/sstz 


Data  Log  Sheet 
natfi-  l'/l‘/» 


B-.^c 


ESTCP:  Technolc  smonstration  Plan 
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ESTCP  Project  Number  ER-200541 

Operator: .  ApaAcAsA 


Treatment  System  Inspection 
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Lead  Reactor: 


□  MfBRI 

□  MfBR2 
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Lead  Sample  Lag  Sample 

SP-100A  □  if  MBfR1  in  LEAD:  SP-200B  □ 
if  MBfR2  in  LEAD:  SP-100B  □ 


Sample  Collection  Time: 
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q>  Temperature 

F  ORP 
to  - 

co 

Dissolved  O 
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Turbidi 
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*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor 
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System  Inspection 
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Bag  Filter  AP 


GAC-1  Pressure  psig 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 
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EE£M 
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o 
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is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Backwash  Record 


Backwash  start  time: 


ho 


gpm 


std  units 
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mV 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 
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gpm 


7-2. 
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—  (cOb 


Hz 


ppm  <N) 


ppm  (N)  I  £)  .  2JH> 
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Aeration  Tank  Air  Flow 
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3-2. 
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Initial  Product  Tank  Level 


Final  Product  Tank  Level 


Time  of  sample  collection: 


Location 


Lead  Purge  1 


Lead  Purge  2 


Lag  Purge  1 


Lag  Purge  2 


Media  Filter 


TSS  Collected? 
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Type 


H3P04  Stock  (gal) 


Sodium  Hypo  Stock  (gal) 


Nitrate  +  Nitrite 


Nitrite 


Sulfide 


Chlorine 


o-Phosphate 


pH _ *2 


ORP 


Turbidity 


©SESSHHSSlHiH  I 
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hA  \hiifcZFf, 


0 
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Note:  There  are  3785  mL  per  gallon. 
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Coagulant  Tank  Level 


Coagulant  Pump  Settings 


002  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


.Turbidity  (OIT) 


'  22 
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Time 


Carbon  Monoxide  (ppm) 


Oxugen  (%) 


Methane  (%  LEL) 


Hydrogen  Sulfide  (ppm) 
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ESTCP:  Technolc  emonstration  Plan 
Perchlorate  Destruction  Usi,  .0  .Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

Operator:  ^ 


Treatment  System  Inspection 


Field  Samples 


Outlet  Totalizer 


Note:  There  are  3785  mL  per  gallon. 
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ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
.  Operator:  B£G-*>K&FF 


'  /  Field  Sardes  y 

Calibration 

pH  calibration?  .  l^fYes  UNo 

Standards:  04*"  37  5ffb 

Standard  Reading: 

4:  4.00  7:  7 .00  10:  16,1(3 

ORP  calibration?  LiiYes  UNo 

Temp  (Dea  C):  ll 

Turbidity  calibration?  a  Yes  UNo 

Standards:  06  QW  02OO  0T6OO  04000 

Readings: 

0.136:  0.30:  0.50: 

Standard  Reading:  220: 

Lead  Reactor: 


Lead  Sample  Lag  Sample 

SP-100A  □  if  MBfR1  in  LEAD:  SP-200B  □ 
if  MBfR2  in  LEAD:  SP-100B  □ 


Sample  Collection  Time: 


jj2m 


M. 


'  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  In  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  ' sump  is  running 


Bag  Filter  AP 
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GAC-1  Pressure 

psig 

6s 

GAC-2  Pressure 

psig 

t.b 

IX-1  Pressure 

psig 

/.3, 

l  Feed  Tank  Additions 

H3P04 

Sodium  Hypo 

Time 
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Q\h<? 

initial  Tank  Level  (gal) 

/S' 

Stock  Added 

— 

Type  of  Water  Used  For 
Dilution 
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- 

Volume  Dilution  Added 

(gal) 

3.2 

Total  Volume  Added 
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3  -2 

Final  Tank  Level 
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>r 

x  Backwash  Record 

Backwash  ItatJ  time: 
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min  ^ 

y 

Initial  Product  Tank  LefteL 

Final  Product  Tank  Level  \ 

.  yj fai _ . 

Time  of  sample  collection: 
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Lead  Purge  1 

y 

QY^s  DNo 

Lead  Purge  2 

y' 
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Lag  Purge  ]/ 

□  Yes 

Lag  Pyije  2 

□  Yes  DNo  \ 

Media  Filter 

□Yes  DNo 
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Note:  There  are  3785  mL  per  gallon. 
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GAC  2 
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■B 
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Note:  shaded  boxes  are  to  remain  blank 
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Type 

Check 

H3P04  Stock  (gal)  . 

Sodium  Hypo  Stock  (gal) 

-o  ^ 

Dissolved  Oxyge 

.9>  -o 

Nitrate  +  Nitrite 

_  0) 
c  2 

Nitrite 
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Sulfide 

TJ  ^ 

% 

Chlorine 
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o-Phosphate 

c 

pH 

•B  *» 
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Turbidity 
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Treatment  System  Inspection 

Outlel  Totalizer 

gal  £ 
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Target  Flow  Rate 
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Internal  Recycle  Rate 
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i  S'  v//  ^  <c , 

MBfR  1  pH 
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MBfR  2  pH 
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7,  a 

MBfR  1  ORP 

mV 

--  <7  7  ;l 

MBfR  2  ORP 

mV 

Nitrate  Frequency 

Hz 

- 

Last  N  Feed 

ppm  (N) 

Last  N  R1 

ppm  (N) 

a 

Last  N  R2 

ppm  (N) 

/,i>r 

MBfRI  Sparge  Rate 

mm 

'7H'° 

MBfR2  Sparge  Rate 

mm 

24° 

Phosphate  Pump  Settings 

spm 

7*0 

%  stroke 

w 

Phosphate  Concentration 

mg/LP04 

Aeration  Tank  Air  Flow 

scfm 

3,2 

Air  Tank  Pressure 

psig 

j<o 

Target  Media  Filter  Flow 
Rate 

gpm 

9 

Media  Filter  Inlet  Pressure 

psig 

7  <y 

Media  Filter  Outlet 

Pressure 

psig 

is 

Sodium  Hypo  Pump 
Settings 

spm 

%  stroke 

Coagulant  Tank  Level 
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<(*£> 

Coagulant  Pump  Settings 

ml/min 

( 7 * 

C02  Cylinder  Pressure 

psi 

H2  Cylinder  Pressure 

psi 

N2  Pressure 

psi 

MV 

N2  Flow  Rate 

scfm 

Tubidity  (Instrument) 

NTU 

O.X-7 

Turbidity  (OIT) 

NTU 
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ESTCP:  Technolo'  >monstration  Plan 
Perchlorate  Destruction  Usir,^  membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  AiA-Uc 


Field  Samples 

EYe 


l  urbidity  calibration?  LTYes  UNo  , 

Standards:  2T20  0^00  af000  0^000 

Readings: 


.  0.30:. 


C  ■  q.sq:  O  .  S'Hi 


’  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post 
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Effluent 

Permitted 
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mm 

Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 
System  Inspection 


tolled  white  sump  is  running 


Bag  Filter  A P 

psi 

GAC-1  Pressure 

psig 

HT 

GAC-2  Pressure 

psig 

ip 

IX-1  Pressure 

psig 

17 

Feed  Tank  Additions 

H3PQ4 

Sodium  Hypo 
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MMM 

irtial  Tank  Level  (gal) 

mum 
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tock  Added 
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5" 

ype  of  Water  Used  For 
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inal  Tank  Level 
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Lead  Purge  1 

’XDYes  DNo 

Lead  Purge  2 
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□Yes  DNo  \ 
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Sodium  Hypo  Stock  (gal) 
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Test  Kits  Needed? 

Dissolved  Oxyge 

Nitrate  +  Nitrite 

Nitrite 

Sulfide 

Chlorine  . 

o-Phosphate 

Calibration 

kits 

needed? 

pH 

ORP 

Turbidity 

tote:  There  are  3785  mL  per  gallon . 
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Outlet  Totalizer 

gal 

rSkiuM 
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mV 
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Phosphate  Concentration 
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scfm 

'Z'-Z' 
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Sodium  Hypo  Pump 
Settings 
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Coagulant  Tank  Level 
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Coagulant  Pump  Settings 
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C02  Cylinder  Pressure 
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N2  Flow  Rate 
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Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTOP  Project  Number  ER-200541 
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ESTCP:  Technolo  jmonstration  Plan 
Perchlorate  Destruction  Usi*.,^  .Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
Operator: . 
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Lead  Reactor: 
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if  MBfRI  in  LEAD:  SP-200B  □ 
if  MBfR2  in  LEAD:  SP-100B  □ 


rtf  IpH 
to 
O 
03 

E  ORP 

ra  - 

W 

Dissolved  O 
Nitrate  +  Nitrite 


Sample  Collection  Time: 


(C  U  C  C  Q 

®  ~  =  n°  d  > 

2  u.  t  o.  o  x 

IU  CO 


■D 

<D  v.  t- 

■C  ®  O 

w  to  2 


c  «  c  n 

O  0  <D  t—  <D 

<1  2£| 
a  £  o  £  £ 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


ppm  (N) 


ppm  (N) 


Aeration  Tank  Air  Flow 


IESSS333I 


mg/LP04 


Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


Sodium  Hypo 


Initial  Tank  Level  (gal) 


lEmSHHKMBlI 


Note:  There  are  3785  mL  per  gallon. 


Backwash  Record 


\mm 


kwash  start  time: 


iwash  duration 


tTank  Level 


Time  of  sample  col 


Location 


Lead  Purge  1 


Lead  Purge  2 


Lag  Purge  1 


TSS  Collected? 


es  □ 


Invento 


Type 


H3P04  Stock  (gal) 


Sodium  Hypo  Stock  (gal) 


^  ^  Dissolved  Oxyge 
~  Nitrate  ■»  Nitrite 

-  "5  2  Nitrite _ 

.2  £  Sulfide 


lo-Phosphate 


I  pH 


2  .■§  ORP 

■Q 

o.is  c  |Tuibidity 


e-viStre  H5 


“to  “TV'S  loill.  gg?  iSouatgo 


59jg.eS  feFc>eg  &0g- 


#  #lE$Su,Cl£  ~  lo  psc 


ITarget  Media  Filter  Flow  _ _ 

I  Rate  9pm 


Media  Filter  Inlet  Pressure  psig 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump  spm 

Settings  %  s^oke 


Coagulant  Tank  Level  gal 


Coagulant  Pump  Settings  ml/min 


C02  Cylinder  Pressure  psi 


N2  Pressure 


N2  Flow  Rate 


Tubidity  (Instrument) 


.Turbidity  (Oil) 


B-l  13 


Data  Leg  Sheet  "  •  r~. -  -  ESTCP:  Technology  Demonstration  Plan 

"  ■  '  Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 

ESTCP  Project  Number  ER-200541 


3>isgham5©  '  ■ 

i  :  $T 
2.  :  'S. 

1*  2.  I 


Air  Monitoring 

Zero  Calibration?  GYes  DNo 

Mixed  Cylinder 

Aeration  Tank 

MBfR  1 

MBfR' 2 

OIT  Area  - 

Time 

Carbon  Monoxide  (ppm) 

Oxugen  (%) 

Methane  (%  LEL) 

Hydrogen  Sullide  (ppm) 

B-114 


Data  Log  Sheet 

Date: 


»  Time:  * 


ESTCP:  Technolc  ''emonstration  Plan 
Perchlorate  Destruction  Usi..  -tembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  _ 


Field  Samples 


Lead  Reactor:  D  MfBR1  oP  irinfl  n 

□  MfBR2  SP-100A  U 


Lead  Sample  Lag  Sample 

SP-100A  O  if  MBfR1  in  LEAD:  SP-200B  □ 
if  MBfR2  in  LEAD:  SP-100B  □ 


Sample  Collection  Time: 


c 

a> 

H- 

*Lead 

Reactor 

‘Lag 

Reactor 

Aeration 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 

Effluent 

GAC  2 

Effluent 

1X1 

Effluent 

*7^7 

HasflEEESl 

7‘it 

-7*Tl 

?;.Z  r.^vs C^r*Tt :! 

7-&1 

in  i; 

eIorp 


17'<2> 


5*  lo 


rr-7 


5o 


& 


O 


\7  S' 


Dissolved  O 
Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 
Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


.i; 


'M 


;  t-B-:  '  :V: 


v>J;f  3 

Li  iLt-LgSii&Lf 

P~V  t.  .-f  £.•  X-  .1  vtacv  t-T  •  ”3  -Win*** 

.  - .  -  •  -.-c  - 


Post  Finished  Water 
System  inspection  ~  . 

Collect  while'sump  is  running  ’’  ■  ■■  ‘ 


Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psig 

IX-1  Pressure 

psig 

\ _ Backwash  Record 

BackwaStLstart  time:  ■  .  , 

Backwash  duTafjon  ‘  min _ 

Initial  Product  TanicLevel  gal 

Final  Product  Tank  Levet~\  gal  ^ 

Time  of  sample  collection: 


_ Feed  Tank  Additions _ 

H3PQ4  Sodium  Hypo 

Time _  2.  •  3Il  'Z'.&o 

Initial  Tank  Level  (gal)  J  »jT 

Stock  Added  °  : 

Type  of  Water  Used  For  ii,*  i , . 

Dilution _ M&>lA  AJA 

Volume  Dilution  Added  /I 

(gat) _  ^ 

Total  Volume  Added  ’id/,  id  /") 

(gal) _ ‘  _  ^  - 

Final  Tank  Level  ^  Q- 0  CJ 

Note:  There  are  3785  mL  per  gallon. 


Location 
Lead  Purge  1 
Lead  Purge  2 
Lag  Purge  1 
Lag  Purge  2/ 
MedicLpffier 


TSS  Collected? 
sDYes  DNo 
□VejT  ONo 

□  Yes  \aNo 

□  Yes 

□  Yes  ONo 


Note:  shaded  boxes  are  to  remain  blank 

_ Inventory 

Type  I  I 

H3PQ4  .Stock  (gal) _ _ 

Sodium  Hypo  Stock  (gal)  _ 

^  £  Dissolved  Oxyge _ 

~  ■§  Nitrate  +  Nitrite _ 

To  2  Nitrite 
|  .2  Sulfide 
ig  S  Chlorine 

<  cp  “ 

l-  o-Phosphate _ 

_  — 

.2  o- - 

2  3  ORP 

“  "g  M 

o  S  c  Turbidity _ 


<X>tM  OiStTE  •  tr  \€TpV  ,^AT  CMHO^Y  ^ 

up.  aet  it  'TreituMk 

fU-Tgfr  M&.  c^tSytAor 

-foe-  of-  c^pg.  t^ujais-  ^ _ 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


LastN  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


gal 


gpm 


gpm 


std  units 


PPm  (N) 


l-OSL 


0.0%, 


J24* 


5?-4d 


PPm  (N) 


ppm  (N) 


mm 


lifitEiPiaa 


mg/LP04  <0 . 3 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure.  •  psig 


Target  Media  Filter  Flow 

gpm 

I  Rate _ 

Media  Filter  Inlet  Pressure  psig 


scfm 

psig 

Media  Filter  Outlet 
Pressure 

Sodium  Hypo  Pump 
Settings 


3 

i«^ 


spm 

%  stroke 


Coagulant  Tank  Level  gal 

Coagulant  Pump  Settings  ml/miii 

C02  Cylinder  Pressure  psi 

H2  Cylinder  Pressure  psi 

N2  Pressure  psi 

N2  Flow  Rate  scfm 

Tubidity  (Instrument)  NTU 

Turbidity  (OIT)  NTU 


«-S~7 


otA^jcrr  ^nSLx/i&eO 


Data  Log  Sheet  ‘  '  '  ESTOP:  Technology  Demonstration  Plari‘ 

Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
.  ..  ESTOP  Project  Number. -ER-200541  .  - 


Air  Monitoring  - 

Zero  Calibration?  □  Yes  DNo 

Mix4d  Cylinder 

Aeration  Tank 

MBfRI 

_  MBfR  2  ■  ■ 

OITArea— ' 

Time 

Carbon  Monoxide  (ppm) 

Oxugen  (%)  .  ■'  -  . 

Methane  (%  LEL) 

Hydrogen  Sulfide  (ppm) 

NOTES  CONT.: 

,jiuncc«»a 

^umsecs. 

M»t>  f&PWc&P  ■giV^  fti,T6«S  .  A  <2ee/t«0  FluTBtL  U*A<>  uMmii^is 

-*•  Mepc.  aw*  ic;- 

ACb .  (AJA-TC^tefei  .  <5>  pfr^-vuAt, , 

V  - 

Data  Log  Sheet 

Date: 


ESTCP:  Technolc  ''emonstration  Plan 
Perchlorate  Destruction  Usi..,_  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

Operator:  AfgUtPftfrj _ 


Treatment  System  Inspection 


C  I pH  calibration'^  ^Yes  L 
■£  Standardsji^4  y(lO 

£  Standard  Reading: 


Field  Sarpples 

5  calibration?  j/fYes  uNo 

/  17 '.<sf 

imn  ^  *  •* 


Lead  Reactor: 

^  MfBR2 


in  \0-\2. 


Temp  (Deg  C):_ 


ITurbidity  calibration :  U  I  I - 1  I  w. 

|  Standards:  V$0  j?200j/l  000  ^000 

Readings: 

0.136:  ft-  0.30:  ^  _ 0.5' 


v  o  -ge* 


Lead  Sample  Lag  Sample 

SR  100A  J lf  MBfR1  in  LEAD:  SP'200B  D. 
'  if  MBfR2  in  LEAD:  SP-1 00B  ET 


Sample  Collection  Time: 


—  §  o 
<n  .2  q. 
o  T3  >■ 

a  o  x 

co 


T-  c  cm  c  c 

O  S  o  |  -S 

o  £  <5  E  "  £ 


%-o  o 

'l'&Z. 

<Zc*  i 

F  ORP 

cfl  .  — 

Dissolved  O 
Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 


Sr-sr 


plpi 


,5“ 

1-46 


16.^4 


Chlorine  Residual  1  (mo/L.  -  - _ - _ - — — c _ _ 

Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


o 


0 


0 


o.*$ 


l 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  R1 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


HBMS1 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


gal 


gpm 


gpm 


std  units 


&>■  O 


/sylzo 


•  2 


2- 


~f%7 


Note:  shaded  boxes  are  to  remain  blank 


Invento 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


.  Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


BackWash  start  time: 


Feed  Tank  Additions 


Time 


Initial  Tank  Level  (gal) 


Stock  Added 


H3P04 


Sodium  Hypo 


ppm  (N)  B  *  3| 


ppm  (N)  C>  * 


ppm  (N) 


mm 


mm 


mg/LP04 


scfm 


psig 


gpm 


2-fo 


24 D 


2  cp 


S'0 


Note:  There  are  3785  mi  per  gallon. 


Were:  oW 


Sodium  Hypo  Pump 
Settings 


Coagulant  Tank  Level 


Coagulant  Pump  Settings  ml/min 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


N2  Pressure 


N2  Flow  Rate 


Tubidity  (Instrument) 


T urbidity  (OIT) 


Or? 


Data  Log  Sheet 


......  ESJCP;  Technology  Demonstration  Rian  . 

Perchlorate  Destruction'  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


[NOTES  COm.: 


Data  Log  Sh 


ESTCP:  Tec1  ?gy  Demonstration  Plan 
Perchlorate  Destruction  Jing  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 

Operator:  .6 dfcGKO  F  £ 


T reatment  System  Inspection 

— *.  i  •  LI 

Outlet  Totalizer 


Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running  _ 

Sump  Pump  dischrg  psi _ 

Bag  Fitter  AP _ psi _ ^ _ 

GAC-1  Pressure _ pslg _ II 

GAC-2  Pressure  pslg _ I _ 

IX-1  Pressure _ psig _ Qt  ? 

_ Feed  Tank  Additions 

H3P04  Sodium  Hypo 
Time  f(W4  1  OfrtA 

Initial  Tank  Level  (gal)  las 


3,  t 


_ 

A  (a 


spm 

%  stroke 


Coagulant  Tank  Level 
Coagulant  Pump  Settings 


i3P04 

Time 

_L 

^At-t 

Initial  Tank  Laval  (gal) 

3 

®t 

Stock  Added 

— 

Type  of  Water  Used  For 
Dilution 

- 

Vol  ume  Di  lulion  Added 
(gal) 

- 

Total  Volume  Added 
foal) 

Final  Tank  Level 

ta 

Note:  There  are 
■  37B5  mL  per 
gallon. 


PNtEU  LoH&Ui  ; 

SUL Dt?€  L-€V<Zj_S  t-Ocoet  T 

faP-r  cAK£  To  TbP  off 

B-119 


rue  A&tzATiote  li£> 

i-PG/AZiL  AtioaJ _ 

CUT! 

fn. 7€k 


C02  Cylinder  Pressure 

psi  Cjg 

H2  Cylinder  Pressure 

a 

N2  Pressure 

psi  /  3^ 

N2  Flow  Rate 

SCfm  oar 

Tubidity  (Instrument) 

NTU  OjP 

Turbidity  (OIT) 

NTU  0„  2,9 

Data  Log  Sh  \ 
Date:  /p3>// 1 


''>3$  fin 


ESTCP:  Tec'  igy  Demonstration  Plan 
Perchlorate  Destruction .  ^o’ing  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator: 


Field  Samples 


w^ar^Ntrnrf«Ta^Bgi^MBi 


Temp  (Deg  C): 
Standard  Readina:  220: 


« 


i  urDiaity  caiioranopy  L3  r es  u  no 
Standards:  06  \320  0^00  0^1 000  E34000 

Readings: 

0.136: _ : _ 0.30: _ 0.5C 


Lead  Reactor: 


p  mibri 

□  MfBR2 


Lead  Sample  Lag  Sample 

SP-100A  (*/  if  MBfR1  in  LEAD:  Sp-200B  & 


Sample  Collection  Time: 


If  MBfR2  in  LEAD:  SP-100B  □ 


IBBiKiLll 


*Lead 

Reactor 

*Lag 

Reactor 

7,  77 

isq 

RHH 
EE3 M 

RSI 

-5iM 

Gi  34' 

Oo\0 

2/0 

O 

Oct 

o 

O 

0* 

Aeration 

Media 

Filter 

Effluent 

%0>X 

7x%%  1 

i  mm 

(clS  1 

\'3gT 

-  Yl  1 

Mil 

mjm 

*5  Temperature 

F  ORP 

ra  - 

03 

Dissolved  O 
Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 
Turbldi 

Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  If  reactor  is  In  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  Is  running 


Sump  Pump  dischrg 


Bag  Filter  AP 


GAC-1  Pressure 


GAC-2  Pressure 


IX-1  Pressure 


Feed  Tank  Additions 


Sodium  Hypo 


f&Af*  10  fir \ 


<3.7 


IlSSSIEE 


Backwash  Record 


start  time: 


tlon 


Tima 


Initial  Tank  Level  (gal) 


Stock  Added 


Location 


Lead  Purge  1 


Lead  Purge  2 


Lag  Purge  1 


MedMTIIter 


I  SSI 


TSS  Collected? 


□Yes  DNo 


MW 


Note:  shaded  boxes  ere  to  remain  blank 


Invento 


Type 


H3P04  Stock  (gal) 


■o  %  Dissolved  Oxyge 
•®  "g  Nitrate  +  Nitrite 
1^  Nitrite 

|  |  Sulfide _ 

5  ^  Chlorine 

<  <D 

h*  o-Phosphate 


I  1  QRP 

oil  I  Turbidity 


Treatment  System  Inspection 


Outlet  Totalizer 


Target  Flow  Rata 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


Last  N  R1 


Last  N  R2 


gal 


gpm 


gpm 


std  units 


std  units 


7.  X. 


•<ol\ 


ppm  (N)  |  g, 


ppm(N)  /, 


ppm  (N)  |  O.i  3 


NOTES: 


MlOF | 


OLl(cC 


^ I 


_  S/Ti 


£fO£  ,0 


5  rT&  Ti, 


te  Fed 


"  off  c.  i1  Fci  W L  ft fJT  rAAJK.  A?1  L;u« 


muf  PlW  eAre  To  (ffUl*  (*),.  ctitofL irjfc 


CP  pFeixAcr  i,uAr<-F  uvis.  Tcf  FeD  o  ff  fftfJK  lAJi  TH  F<X>K\  fiore*- 

'TO  pU-UTe  Ccx  e^wC  VHT-4£(riOA4‘  > 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Media  Filter  Inlet  Pressure 


Media  Filter  Outlet 
Pressure 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure 


H2  Cylinder  Pressure 


ZH  o 


o 


mg/LP04|  i 


X 


N2  Pressure 


N2  Flow  Rate 


Tubidity  (Instrument) 


Turbidity  (OIT) 


H3 


22 


Data  Log  Sh 

Date:  !\  > 


ESTCP:  Tec1  jgy  Demonstration  Plan 
Perchlorate  Destruction  iing  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_ _  Operator:  &G 


Field  Samples 


Temp  (Deg  C):  7^  I 

Standard  Reading:  220:  Ql  & 


Standards:  IZTO  Dtio  @200  Ell 000  Eto 000 
Readings: 

0.136: _ _  0.30:  0.50: 


Lead  Sample  Lag  Sample 


Lead  Reactor: 


□  MfBRI 
0**MfBR2 


SP-100A  □ 


if  MBfRI  in  LEAD:  SP-200B  □ 
if  MBfR2  in  LEAD:  SP-100B  ET 


Sample  Collection  Time: 


1 

^  Temperature 

i"  ORP 
ra 

U) 

Dissolved  O 
Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 


5 'S' 


vox 


0 


0,oK7 


"Lead 

Reactor 

•Lag 

Reactor 

l'<cH 

1SI9 

~S33 

o 

o 

a 

If  T 

(Chlorine  Residual 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  Inspection 


Collect  while  sump  is  running 


Sump  Pump  dlschrg  psl 


Bag  Filter  AP 


IX-1  Pressure 


Feed  Tank  Additions 


H3P04  |  Sodium  Hypo 


T™  O  I  i  bO 


Initial  Tank  Level  (gal)  |  1^3 


Backwash  Record 


E222H2?S 
EEEE0EEHB2? 


Location 


Lead  Purge  1 


Lead  Purge  2 


TSS  Collected? 


□Yes  DNo 


Yes  DNo 


NOTES: 


rf  Lcip6{ie 


p  i 

s 

Invent© 


e 


H3P04  Stock  (gal) 


Sodium  Hypo  Stock  (gal 


T3  %  Dissolved  Oxyge 
2  |  Nitrate  +  Nitrite 
•g  £  Nitrite 
|  |  |  Sulfide 


Chlorine 


o-Phosphate 

pH 

ORP 

Turbidity 


T reatment  System  inspection 


Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


9Pm 


QPrii 


std  units 


std  units 


TL. 


1,X 


% 


MBfR  2  ORP 


Nitrate  Frequency 


Last  N  Feed 


LastN  R1 


Lest  N  R2 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Media  Filter  Inlet  Pressure 


Media  Filter  Outlet 
Pressure 


Sodium  Hypo  Pump 
Settings 


mg/LP04 


scfm 


psig 


3pm 


psig 


spm 


%  stroke 


Le> 


/><* 


30 


Coagulant  Tank  Level 


Coagulant  Pump  Settings 


C02  Cylinder  Pressure  psi 


H2  Cylinder  Pressure 


r_3 


Lxarst 


Mer&B.,  •Took 


orH  oP&fii  Afj0  etos£:£>. 


is  ££A£> 


N2  Flow  Rate 


Tubidity  (Instrument) 


Turbidity  (OIT) 


NTU  o,llj 


NTU  I  Oi  VV 


Data  Log  Sh  ^ 
Date:  tlk%]±  i 


ESTCP:  Tec’  ]gy  Demonstration  Plan 
Perchlorate  Destruction  _sing  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  Ag/LS>Ko, 


Field  Samples 


Lead  Reactor: 


□  MfBRI 
m MfBR2 


Lead  Sample 


SP-100A  □  lf  MBfR1  in  LEAD:  SP-200B  □ 
it  MBfR2  in  LEAD:  SP-100B  la 


Sample  Collection  Time: 


4_l  "O 

T-  C  CM  C  c  5  = 

3  3  3  3  W  3  c  fi 

ojs  -g  So 


7,70 


e  orp 

to  — — — — 

to 

Dissolved  0 


Nitrate  +  Nitrite 

Nitrite _ 

Sulfide 
Turbidi 


Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  inspection 

Collect  while  sump  Is  running 


Backwash  Record 


Sump  Pump  dischrg 

psi 

Bag  Filter  AP 

psi 

GAC-1  Pressure 

psig 

GAC-2  Pressure 

psig 

0 

IX-1  Pressure 
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Feed  Tank  Additions 
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Dilution 
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O 

Ate  C>- fit- 

: _ 


V  Hate:  There  ere 
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Tu&&(PIM4£T£P- 

Tu&tie  I  $  A  L^c  A 

0CDtA  Nermep  APT 
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£  Dissolved  Qxyge  5  *t  -3 

~  ■§  Nitrate  +  Nitrite _ S 
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Nitrate  Frequency 
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Sodium  Hypo  Pump  spm 
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Coagulant  Tank  Level  gal 

Coagulant  Pump  Settings  ml/min 

C02  Cylinder  Pressure  psi 

H2  Cylinder  Pressure  psi 

N2  Pressure  psi 

N2  Flow  Rate  sefm 

Tubldity  (Instrument)  NTU 

Turbidity  (OIT)  NTU 
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ESTCP:  Tec’  igy  Demonstration  Plan 
Perchlorate  DestructiOi  vising  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
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□  MfBR2 


Field  Samples 
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OQi  CJ  T-  O  £  «E 

g  E  g  E  -  E  1  <3 

°U  °  IU  1U  &  ° 
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Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 
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Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running 


Backwash  Record 


Sump  Pump  dischrg 

psi 

Bag  Filter  AP 
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psig 

psig 

IX-1  Pressure 

psig 

Backwash  start  time:  } 

Backwash  duration 
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Initial  ProductTank  Level 
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Final  ProductTank  Level 
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Time  of  sample  collection: 

, 
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Feed  Tank  Additions 
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Stock  Added 

Type  of  Water  Used  For 
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Volume  Dilution  Added 
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Total  Volume  Added 
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Final  Tank  Level 
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Lead  Purge  1 
Lead  Purge  2 
Lag  Purge  1 
Lag  Purge  2 


(NTU)  . 

TO 

33: 
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TSS  Collected? 
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gygs  dno 

H'Tes^,  DNo 
□Wes  '  DNo 


2  "S 

~  m  [Nitrate  +  Nitrite 

O  Z  ISitrite 


§  2  Sulfide 

5  -s  Chlorine 

<  OJ 

I-  o-Phosphate 
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e  ?  orp 

jQ  X) 

<3  1  I  |Turbidity 


Note:  There  are 
3785  mL  per 
gallon. 
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Treatment  System  inspection 

Outlet  Totalizer 


Target  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  1  ORP 


MBfR  2  ORP 


Nitrate  Frequency 


Phosphate  Pump  Settings 
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Aeration  Tank  Air  Flow 


Air  Tank  Pressure 


Target  Media  Filter  Flow 

Rate _ — 

Media  Filter  Inlet  Pressure  psig 

Media  Filter  Outlet 
Pressure 
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~72  M 
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(f 
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std  units 

~7  'Z 
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mV 

MS 

mV 

Hz 
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ppm  (N) 
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mm 

mm 
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H35H 
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O 

Sodium  Hypo  Pump 
Settings 


spm 

%  stroke 


Coagulant  Tank  Level  gal 

Coagulant  Pump  Settings  ml/min 

C02  Cylinder  Pressure  psi 

H2  Cylinder  Pressure  psi 

N2  Pressure  psi 

N2  Flow  Rate  scfm 

Tubidity  (Instrument)  NTU 

Turbidity  (OIT)  NTU 
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Zero  Calibration?  DYes  DNo 


Air  Monitoring 
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1-^1 
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Data  Log  Sh 


ESTCP:  Tec'  igy  Demonstration  Plan 
Perchlorate  Destruction  ding  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
1 _  Operator;  -AfE-UcAhA _ 


Field  Samples 


Treatment  System  Inspection 


Nate:  There  are 


iMuwrct^vi^r .  £er«ucre  Agg  6m  nexr 


N2  Flow  Rate 


Tubidity  (Instrument) 


Turbidity  (OIT) 
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Time: 
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ESTCP:  Technoii  demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  /•'•?£?  fi-Ol/-  oWF 
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Calibration 

pH  calibration?  l^Yes  UNo 

Standards:  07  [010 

Standard  Reading: 

4:  7:  7.0,2-  10:  lO.OCs 

UKP  caiibratit 

Temp  (Deg 
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LHYes  UNo 

C): 

Turbidity  calibration?  LG  Yes  uno 

Standards:  IZfo  KO  IZf200  HI 000  H4000 
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0.561 

tading:  220: 
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Nitrate  +  Nitrite 
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%0 
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O 
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||;pyp 
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!Tp 
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3L> 

A  <9 

J£jsa?ip 
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’I 
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Chlorine  Residual 
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Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note;  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Sump  Pump  disohrg 

psi 

Bag  Filter  dP 
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psig 

/ 

psig 

IX- 1  Pressure 

psig 
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Feed  Tank  Additions  \ 

H3P04 

Sodium  Hypo 

Time 

Ufhv 

ll  Ar'A 

Initial  Tank  Level  (gal) 

Stock  Added 

— 

Type  of  Water  Used  For 
Dilution 

— 

m^Cutr. 

Vo  lu  me  D  i  1  ution  Added 

(gal) 

Total  Volume  Added 
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- 

> 

Final  Tank  Level 
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Backwash  Record 

Backwash  start  time:  /  Q.  •  ©  o 

Backwash  duration 
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Initial  Product  Tank  Level 

gal 

Final  Product  Tank  Level 

gal 

^Time  of  sample  collection: 

|(  Location 

(NTU) 

TSS  Collected? 

Lead  Purge  1 

□  Yes  BlMo 

Lead  Purge  2 

□Yes  I^No 

Lag  Purge  1 

- 

□Yes  EfNo 

Lag  Purge  2 

- 
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Media  Filter 

H3.\ 
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Inventory 

Type 
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Dissolved  Oxyge 
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Nitrite 

Sulfide 

Chlorine 

o-Phosphate 

C 
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Note:  There  are 
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6? 
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MBfR  2  ORP 

mV 
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Hz 

— 
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Last  N  R1 
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HM 

MBfRI  Sparge  Rate 

mm 

mo 

MBfR2  Sparge  Rate 

mm 

Phosphate  Pump  Settings 
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2.0 
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To 

mg/LP04 

/r  B 

Aeration  Tank  Air  Flow 

scfm 

Air  Tank  Pressure 

psig 

JP,  o 

gpm 

Media  Filter  Inlet  Pressure 

psig 

ucm 

Media  Filter  Outlet 

Pressure 

psig 

7.  3~ 

Sodium  Hypo  Pump 
Settings 

spm 

3t> 

%  stroke 

foo 

Coagulant  Tank  Level 

gal 

S' 

Coagulant  Pump  Settings 

mltmin 

5 

C02  Cylinder  Pressure 

psi 

wBm 

H2  Cylinder  Pressure 
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N2  Pressure 
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N2  Flow  Rate 

scfm 

Tubidity  (Instrument) 

NTU 
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Turbidity  (OIT) 
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Hydrogen  Suifide  (ppm) 
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Perchlorate  Destruction  Usit /embrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator: 


Field  Samples 


calibration. ■"  Lares  UNO 

np  (Deg  C):  I  Li>  _ 


Lead  Reactor: 


Lead  Sample  Lag  Sample 
SP-100A  □  ifMBfRIinl 


it  MBfRI  in  LEAD:  SP-200B  D 
if  MBfR2  in  LEAD:  SP-100B  B''" 


Temp  (Deg  Cl:  /  /iS _ 

Standard  Reading: 220:  53.0 


:  SP-200B  □  Sample  Collection  Time: 
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I-  C  CM  C  C 
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Nitrite _ 

Sulfide 
Turbidi 
Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 
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Note:  shaded  boxes  are  to  remain  blank 

Treatment  System  Inspection 


Outlet  Totalizer 


Targe,  Flow  Rate 


Internal  Recycle  Rate 


MBfR  1  pH 


MBfR  2  pH 


MBfR  1  ORP 


MBfR  2  OR  P 


Nitrate  Frequency 


gal 


gpm 


gpm 


std  units 


std  units 


<& 


7,  X. 


Last  N  R2 


MBfRI  Sparge  Rate 


MBfR2  Sparge  Rate 


Phosphate  Pump  Settings 


ppm  (N) 


mm  4? 


Post  Finished  Water 
System  Inspection 

Collect  while  sump  is  running 


Backwash  Record 


Sump  Pump  dischrg 

psi 

Bag  Filter  AP 

psi 

IX-1  Pressure 

psig 

psig 

psig 

Backw&st?  start  time: 

Backwash  deration 
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Final  Product  Tank  LeveN^ 
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Feed  Tank  Additions 
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Initial  Tank  Level  (gal) 
Stock  Added 


l-HSHHHHal 


H3P04 


Sodium  Hypo 


IH:cj  O 
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Lead  Purge  1 
Lead  Purge  2 
Lag  Purge  1  ^ 
Lag  PgrgglT 
M@dia  Filter 


TSS  Collected? 
^□Yes  DNo 
DNo 

□Yes  'VjJNo 
□Yes  □'ribs 
□Yes  QNo 
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_ Type _ Check 

H3PQ4  Stock  (gal) _ Q,:S 
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„  ^  Dissolved  Oxyge 
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Aeration  Tank  Air  Flow 
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Media  Filter  Oullet  _ 
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Sodium  Hypo  Pump  spm  £) 

Seflinss  %  stroke  I 
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Chlorine 

o-Phosphate 

pH 
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Turbidity 
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To  l  7  spm  <Q  oue 
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Coagulant  Tank  Level  gal 

Coagulant  Pump  Settings  ml/min 

C02  Cylinder  Pressure  psi 

H2  Cylinder  Pressure  psi 

N2  Pressure  psi 

N2  Flow  Rate  sctm 

Tubidity  (Instrument)  NTU 

Turbidity  (OiT)  NTU 
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Perchlorate  Destruction  Usir. 


imonstration  Plan 
.  .lembrane  Biofilm  Reduction 
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ESTCP  Project  Number  ER-200541 

Operator:  A V*acA**< 


Field  Samples 

Calibration 

pH  calibration?  ^Yes  UNo 

Standards:  C14  D7  DIO 

Standard  Reading: 

4:4--^  7-7-64  10:  IM2- 

ORP  calibration?  JdYes  UNo 

Temp  (Dea  CL  1T‘1 

Standard  Reading:  220:  <l'lS 

Turbidity  calibration?  L4Yes  UNo 

Standards:^ /t20  izfeoo ^1000  ^4000 

Readings:  »  /" 

0.136:  b'  \^T  0.30:  6  >  '3>3"7oSO:  b‘S'^t2- 

Lead  SamDle  Laq  Sample 

Lead  Reactor:  ^M|BF11  <?p.mna  or  if  MBfRi  in  LEAD:  SP-200Bjzf  Sample  Collection  Time:  [3  -00 

□  MfBR2  /  jf  MBfR2  in  LEAD.  gp-iooB  □ 

Parameter 

Units 

Influent 

*Lead 

Reactor 

’Lag 

Reactor 

c 

q 

*3 

A 

k. 

0) 

< 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 

Effluent 

GAC  2 

Effluent 

IX  1 

Effluent 

Permitted 

Outfall 

(std  units) 

■7-^f 

-7.5*2. 

mssm 

*7-^2. 

;-“rc*v  ; 

7-£<T 

jriilfei!; 

■ 

7.^ 

Temperature 

mSm 

£©•4- 

U-b 

21-4- 

21-3 

llgll 

2M 

PHI 

ORP 

^^3 

—4o 

Ml 

jjSWflB 

BSBH 

£>•5* 

^-3 

o.\ 

U> 

tftljtf .*5  A 1 

7 

j||g| 

Nitrate  +  Nitrite 

| 

1-5" 

0 

'  \  :7  •  * 

MSMS 

llillf! 

'C?.^ 

111 

|§§§ 

Nitrite 

(mq/L-N) 

0 

0^ 

0 

1111111 

0 

v: 

$£f£i3 

£HH| 

Sutfide 

0 

0 

\-0 

KCai 

iBllil 

0 

111® 

PPi 

MSM 

Turbidity 

o*  1*1*1 

lllfittl 

mu  .  j 

l-7(o 

6-UP3 

mm 

gggfg 

& 

■gH 

Chlorine  Residual 

Sllllisi 

mar'C«75  «5*55T!51 

■v ...  . 

ivT^I 

la 

7%  :v3 

Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Sump  Pump  dischrg 

psi 

17 

Bag  Filter  AP 

psi 

GAC  influent 

psig 

Jbfe?.  IO 

GAC  Effluent 

psig 

j®  5 

IX- 1  Pressure 

psig 

M-7 

|  Feed  Tank  Additions  [ 

H3P04 

Sodium  Hypo 

Time 

\'"?o 

TO?  1 

Initial  Tank  Level  (gal) 

3-2- 

2& 

Stock  Added 

Type  of  Water  Used  For 
Dilution 

l#JfV 

— 

Volume  Dilution  Added 
(gall 

VM 

- 

Total  Volume  Added 
(nal) 

"" 

Final  Tank  Level 

Iaa0 _ 

±2 

Backwash  Record 

Badtw^sb ^tart  time:  „ 

Bac  kwasV^t^jo  n 

min 

Of* 

Initial  Rroducth^|fct.evel 

gal  nA 

V 

Final  Product  Tanlt^ygS 

—  *r 

Time  of  sample  collefttipfS^-? ^  si  "  1 

Location 

(NTUTSi- 

JC^  " —  TSS  Collected? 

Lead  Purge  1 

L?, 

>§53  DYes  ONo 

Lead  Purge  2 

pJr 

^Xi^Pfes  ONo 

Lag  Purge  1 

Ct*4^  }  DNo 

Lag  PurggSf^ 

□YesV^Np^ 

□Yes 

Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

Additional  Field 
Test  Kits  Needed7 

Dissolved  Oxyge 

Nitrate  +  Nitrite 

Nitrite 

5^ 

Sulfide 

&  ( 

Chlorine 

%T~ 

o-Phosphate 

2-  / 

Calibration 

kits 

needed? 

pH 

I 

ORP 

Turbidity 

Note ;  There  are 
3785  mL  per 
[gallon. 


NOTES: 


rr- “  "  r-  “  1  *  ^ 


U36g2g'-mfcfe^  . 


Treatment  System  inspection 

Outlet  Totalizer 

gal 

Target  Flow  Rate 

gpm 

C fi 

Internal  Recycle  Rate 

gpm 

MBfR  1  pH 

std  units 

~7-ZL 

MBfR  2  pH 

std  units 

7*2. 

MBfR  1  ORP 

mV 

72jq- 7 

MBfR  2  ORP 

mV 

■*—  6§,g, 

Nitrate  Frequency 

Hz 

— *  ; 

Last  N  Feed 

ppm  (N) 

’B-c-ho 

Last  N  R1 

ppm  (N) 

1 

Last  N  R2 

ppm  (N) 

o-o-y 

MBfRi  Sparge  Rate 

mm 

2McO 

MBfR 2  Sparge  Rate 

mm 

2^10 

Phosphate  Pump  Settings 

Zx> 

73^ 

mg/LP04 

Aeration  Tank  Air  Flow 

scfm 

3-2- 

Air  Tank  Pressure 

psig 

^•i 

Target  Media  Filter  Flow 
Rate 

gpm 

S”-o 

t 

Media  Filter  Inlet  Pressure 

psig 

5?r 

Media  Filter  Outlet 

Pressure 

psig 

Sodium  Hypo  Pump 
Settings 

spm 

1ST 

%  stroke 

too 

Coagulant  Tank  Level 

gal 

^ h 

Coagulant  Pump  Settings 

ml/min 

S' 

C02  Cylinder  Pressure 

psi 

72- 

H2  Cylinder  Pressure 

psi 

7/ 

N2  Pressure 

psi 

N2  Flow  Rate 

scfm  . 

Tubidity  (Instrument) 

NTU 

0.  J  3 

Turbidity  (OIT) 

NTU 

V-12- 
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Data  Log  Sheet 


Date:  f/»/r: 


Nmonstration  Plan 
,/embrane  Biofilm  Reduction 


Time: 


ESTCP:  Technolor 
Perchlorate  Destruction  Usii, 

ESTCP  Project  Number  ER-200541 
_  Operator:  OF  P 


Jyes 


pH  calibration?.  3Yes  LNo 
Standards:  04  a?"  alb 
Standard  Reading: 

HiO°  7:  7t  &Q  10:  /£?.!% 


Field  Samples 

ORP  calibration'?  faiY'es  l_No 
Temp  (Deg  C):  4^ _ 


Turbidity  calibrationV  ^lfgs~"DN~ - 

Standards:  06  £i'20  0(200  -S'lOOO  03000 
Readings: 

0.136:  Os  I  ’7*3'  n.30:  Oc  X  3  5  pSf). 


4: 


Standard  Reading:  220:  £2-24 


Lead  Sampler  Lao  Sample 


Lead  Reactor: 


□  MfBRI 
Q-^fBR2 


SP-100A 


/  if  MBfRI  in  LEAD: 

,  if  MBfR2  in  LEAD^MOOB  f 


Sample  Collection  Time: 
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2 
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V) 
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T3 
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E  S 

LL 
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(std  units) 


ZlM. 


7  74 


<S,  OSL 


7 


74? 


Temperature 


L£L 


I2u  C 


2/, 


MV 


2  on 


2£. LL 


ORP 


(mV) 


£- 


■i!2± 


-  3 


11: 


Dissolved  Oxygen 


(mg/L) 


ci,o 


0*  3 


0iIS7 


7  iO 


*7r£> 


Nitrate  +  Nitrite 


(mcj/L-N) 


4  Vo 


% 


o.  2S 


:;'y 


HBHM 

UMi 


y-Ry-  f  •  /'  1 

mpiigpl 

m^jA- 


0,25 


Nitrite 


o 


wo 


1 1  Si 


o 


Sulfide 


WL> 


0 


a 


o 


mSm 


O 

a.  ^(clllll 


Turbidity 


(NTU) 


77 


120 


■mMS 


ill 


nil 


444/'. 


Chlorine  Residual 


'*  '  ~T  ■  .*■"■• 


4/ 


'  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Sump  Pump  dischrg 

psi 

Bag  Filter  AP 

psi 

GAC  Intluent 

psig 

GAC  Effluent 

psig 

IX-1  Pressure 

psig 

Feed  Tank  Additions 

H3P04 

Sodium  Hypo 

Time 

toico 

lQ!QO 

Initial  Tank  Level  (gal) 

3>! 

Stock  Added 

— 

Type  of  Water  Used  For 
Dilution 

- 

- 

Volume  Dilution  Added 
(gal) 

- 

- 

Total  Volume  Added 
(gal) 

- 

Final  Tank  Level 

_3r,\ 

Sjsr 

Backwash  Record 

Backwash  start  time:  If  f  < 

5  ‘7  AiA _ ! 

Backwash  duration 

min 

initial  Product  Tank  Level 

gal 

Final  Product  Tank  Level 

gal 

Time  of  sample  collection:  )■' 

5  0^  !  ?  12 

Location 

(NTU) 

T$S  Collected? 

Lead  Purge  1 

i?V 

l^fYes  DNo 

Lead  Purge  2 

lit 

O^es  DNo 

Lag  Purge  1 

Hi 

OTes  DNo 

Lag  Purge  2 

/<? 

[ffYes  DNo 

> 

Media  Filter 

QYes  EZflo 

Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

Additional  Field 
Test  Kits  Needed? 

Dissolved  Oxyge 

Nitrate  +  Nitrite 

Nitrite 

Sulfide 

Chlorine 

o-Phosphate 

Calibration 

kits 

needed? 

pH 

ORP 

Turbidity 

Note:  There  are 
3785  mL  per 
gallon. 


NOTES: 


IziiML  f>AY  of  Sr  CAPS  ZrA7<t 


Treatment  System  Inspection 

Outlet  Totalizer 

gal 

051 ^B\ 

Target  Flow  Rate 

gpm 

(a 

Internal  Recycle  Rate 

gpm 

isssi 

MBfR  1  pH 

std  units 

7,  z- 

MBfR  2  pH 

std  units 

7>o 

MBfR  1  ORP 

mV 

"V7C, 

MBfR  2  ORP 

mV 

9IEH 

Nitrate  Frequency 

Hz 

Last  N  Feed 

ppm  (N) 

Si  51 

Last  N  R1 

ppm  (N) 

o,oO 

Last  N  R2 

ppm  (N) 

TtiZM 1 

MBfRI  Sparge  Rate 

mm 

7.V  & 

MBfR2  Sparge  Rate 

mm 

WS7M\ 

Phosphate  Pump  Settings 

KliSH 

2-0 

Essisrasj 

_ ICi _ 

Phosphate  Concentration 

mg/LP04 

Aeration  Tank  Air  Flow 

scfm 

Air  Tank  Pressure 

psig 

Z-v! 

Target  Media  Filter  Flow 
Rate 

gpm 

Media  Filter  Inlet  Pressure 

psig 

2,4 

Media  Filter  Outlet 

Pressure 

psig 

2,3 

Sodium  Hypo  Pump 
Settings 

spm 

r$~ 

%  stroke 

/  oo 

Coagulant  Tank  Level 

gal 

7 

Coagulant  Pump  Settings 

ml/min 

S 

C02  Cylinder  Pressure 

psi 

<?  o 

H2  Cylinder  Pressure 

psi 

N2  Pressure 

psi 

i 

N2  Flow  Rate 

scfm 

... 

Tubidity  (Instrument) 

NTU 

0*07 

Turbidity  (OIT) 

NTU 

_ 
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Data  Log  Sheet  ^ 
Date:  ijlJ-Jil- _ 


c  pi-i  calibration'  UYes  ur 
'■§  Standards:  IH4  D7  DIO 
5  Standard  Reading: 

5  4: _ 7: _ 


Lead  Reactor:  EL^fBR1 

0-MfBR2 


ESTCP:  Technolo - 1pmonstration  Plan 

Perchlorate  Destruction  Usiiv  Jembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
3  DA  t-v  Operator:  &£ iloKCff-' _ 


Field  Samples 


UYes  L 


Temp  (Deg  C): _ 

Standard  Readina:  220: 


Lead  Sample  Lag  Sample 

SP-100A  □  if  MB,R1  in  LEAD;  sp-200B  □ 

if  MBfR2  in  LEAD:  SP-100B  ^ 


Sample  Collection  Time: 


*■  i  o 

W  .=  £L 
P  TJ  > 

0.  o  x 

CO 


•a  ~ 

a>  >-  t—  c 

s.  ®  „  <u 


1-  C  CM  C  C 

0)  m  41  i“  Q> 

^  =  <  =  X  = 

eg  £ 


&  EtJ _ 

(0 

°  Temperature 
£  ORP 

ra  - 

CO 

Dissolved  Oxvaen 


Nitrate  +  Nitrite 
Nitrite 
Sulfide 
Turbidi 


Chlorine  Residual 


Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Post  Finished  Water 
System  inspection 

Collect  while  sump  is  running 


Sump  Pump  dischrg 

psi 

Bag  Filter  AP 

psi 

GAC  Influent 

psig 

GAC  Effluent 

psig 

IX-1  Pressure 

psig 

Backwash  star!  time:  ] 

Backwash  duration _ 

Initial  Product  Tank  Level 
Final  Product  Tank  Level 
Time  of  sample  collection: 


Backwash  Record 

mm 


Feed  Tank  Additions 


Sodium  Hypo 


Time 

Initial  Tank  Level  (gal) 
Stock  Added 

Type  of  Water  Used  For 

Dilution _ 

Volume  Dilution  Added 

(flap _ 

Total  Volume  Added 

(aal) _ 

Final  Tank  Level 


Location 

(NTU) 

TSS  Collected^ 

Lead  Purge  1 

*- 

□Yes 

Lead  Purge  2 

□Yes  Cfl^p 

Lag  Purge  1 

— 

□  Yes 

0No. 

Lag  Purge  2 

- 

□Yes 

PfNo 

Media  Filter 

3>  7 

0^es 

□  No 

_ Inventory 

_ Type _ 

H3PQ4  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

%  Dissolved  Qxyge 
~  Nitrate  +  Nitrite 

re  z  Nitrite _ 

|  S  Sulfide _ 

ig  —  Chlorine 

<  d> 

I-  o-Phosphate 
1  pH 

.2  C- - 

2  re  ORP 

jo  -a  ■  — 

5  2  I  Turbidity 


Note:  There  are 
■  3785  mi  per 
gallon. 


NOTES: _ 

Crtl\uerf6e  Ai'T 

ruPtiib  AT  3 

Aad£>  UA&  @  y.7 5am 
CphP Ag-fe  TO 


Lego  pH  -  7,0 : 

Cnr 


pH  jzzmms.  ■ 
7.0  7  @  /ci.Ve  L 
jnaas  >  Mr  ad  (uA 


g"l3c>A  'M 

Treatment  System  Inspection 


gal 


Outlet  Totalizer 
Target  Flow  Rate 
Internal  Recycle  Rate 
MBfR  1  pH 
MBfR  2  pH 

MBfR  1  ORP 
MBfR  2  ORP 
Nitrate  Frequency 
Last  N  Feed 
LastN  R1 
Last  N  R2 

MBfRI  Sparge  Rate 
MBfR2  Sparge  Rate 


gprn 
std  units 

std  units  J 

mV 

mV  -3  7 

Hz  I 

ppm  (N)  JjJCv  I 
ppm  (N)  5,34, 
ppm  (N)  *7,  CfCf 

mm  Z-VO 

mm 


Phosphate  Pump  Settings  — 322! - — 

_  %  stroke  90 

Phosphate  Concentration  mq/LP04  /  5“ 

at  steamer _ '  '  J 

Aeration  Tank  Air  Flow  scfm  ?  ji 

Air  Tank  Pressure  psig  O 

Target  Media  Filter  Flow  _  ^ 

Rate _ gpm  -S 

Media  Filter  Inlet  Pressure  psig  7, 

Media  Filter  Outlet  ,  .  ■> 

Pressure  PSI9  <7-  > 


Media  Filter  Outlet 
Pressure 

Sodium  Hypo  Pump 
Settings 


I  %  stroke  I  , 


oAJ  6  r\?i 

.bci _ o  H  s7,t'i 


Coagulant  Tank  Level  gal 

Coagulant  Pump  Settings  ml/min 

C02  Cylinder  Pressure  psi 

H2  Cylinder  Pressure  psi 

N2  Pressure  psi 

N2  Flow  Rate  sofm 

Tubidity  (Instrument)  NTU 

Turbidity  (OIT)  NTU 


Co 

5 

"Ti7 

"71 7 
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Data  Log  Sheet 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


ata  Log  Sheet 


■ate:  O^is/l 


Time: 


l^.'OO 


ESTCP:  Technolo  emonstration  Plan 
Perchlorate  Destruction  Usii.^  .Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  _ 


Field  Samples 


pH  calibration?  LiYes  uno 

Standards:  D4  07  Clio 

Standard  Reading: 

4:  7:  10: 

ORP  calibration?  UYes  UNo 

TemD  fDea  Cl: 

Standard  Readina:  220: 

]  urbidity  calibration?  UYes  UNo 

Standards:  DO  D20  D  200  Cl 000  D4000 

Readings: 

0.136:  0.30:  0.50: 

Lead  Samole  Laq  Sample 

Lead  Reactor:  5,^R1  <;p.innA  u/  if  MBfRi  in  LEAD:  SP-200B  □  Sample  Collection  Time:  VL.'^O 

^MfBR2  /  if  MBfR2  in  LEAD:  SP-100B 
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Filter 

Effluent 
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Finished 
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IX  1 
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pH 
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mm 

Nitrate  +  Nitrite 

(ma/L-N) 

liH^I 

mins 

Site 

F:) 

Nitrite 

(mp/L-N) 

3-i.;  ;  .  - 

SlSfitJ88SS 

m&ssisi'rgZ;: 

wmmi 

kSStShfe  r 

•  ■  ft 

i 

i&fiiisSjEisS 

Sulfide 

_ _ 

<  <  ;  r  ‘  44 

Itilti 

■sjSSSiSi 

RifksSI 

4  444:  t  .‘1  '-r 

Turbidity 

(NTU) 

mm 

HIH 

ftSL'ife 

1 SM 

ins  mm 

Chlorine  Residual 
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mM 

k  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 
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>tal  Volume  Added 

al) 
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V  _  Backwash  Record  ^ 
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X 

Final  Product  Tank  Lev^ 
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Lag  Purge  1 
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□Yes  DNo 

Inventory 

Type 
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H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

Additional  Field 
Test  Kits  Needed? 

Dissolved  Oxyge 

Nitrate  +  Nitrite 

Nitrite 

Sulfide 

Chlorine 

o-Phosphate 

Calibration 

kits 

needed? 

pH 

ORP 

Turbidity 

Note:  There  are 
3785  mL  per 
gallon. 


NOTES: 
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Treatment  System  Inspection 

Outlet  Totalizer 
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Target  Flow  Rate 

gpm 

d> 

Internal  Recycle  Rate 
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l^/\3- O 

MBfR  1  pH 
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*7-2 

MBfR  2  pH 
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MBfR  1  ORP 

mV 

—•4-10 

MBfR  2  ORP 

mV 
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Nitrate  Frequency 

Hz 

-  — 

Last  N  Feed 

ppm  (N) 
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ppm  (N) 

o.oq. 

Last  N  R2 

ppm  (N) 

-2--Z4 

MBfRi  Sparge  Rate 

mm 

MBfR2  Sparge  Rate 

mm 

Phosphate  Pump  Settings 

spm 
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^b 

Phosphate  Concentration 

mg/LP04 

I 

Aeration  Tank  Air  Flow 

scfm 

>2 

Air  Tank  Pressure 
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Target  Media  Filter  Flow 
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5 

Media  Filter  Inlet  Pressure 

psig 
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Sodium  Hypo  Pump 
Settings 
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Coagulant  Pump  Settings 
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Data  Log  Sheet 

Hate- 


Time: 


£>•’  VS~ 


ESTCP:  Technolo  ?monstration  Plan 
Perchlorate  Destruction  Usii^-.viembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  _ 


pH  calibration?  UYes  ^fio 
Standards:  D4  D7  DIO 
Standard  Reading: 


ORP  calibration? 
Temp  (Deg  C):. 


Field  Samples 

□Yes  ^Mlo 


Turbidity  calibration?  LYes  klKlo 
Standards:  DO  D20  G200  DldOO  D4000 
Readings: 

0.1 36: 0.30: 0.50:. 


4: 


10: 


Standard  Reading:  220: . 


Lead  Sample  Lag  Sample 

Lead  Reactor:  F  MfBR1  ,„n,  r/f  if  MBfRI  in  LEAD:  SP-200B  iz' 

^□MfBR2  SP-100A^  if  MBfR2  in  LEAD:  SP-IOOfflLJ 


Sample  Collection  Time: 
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Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

m 

(std  units) 

HIS 

HI 

- 7 

_ m _ 

HH 

HHSI 

Mi 

20.0 

ORP 

/ ,  7  '  -/*  ~ 
So>'4<-i.  .rJSvJ  ■>.%- 

Si 

m 

lilljijl 

saasssagiagssMl 

wssstm 

■■Villli 

4  •*  *• 

itW&SSti;;. 

Bill 

wmM 

KM 

Nitrate  +  Nitrite 

■■■MM 

&  /“'• 

m 

n 

5EJEW3S^E!E32a 

Nitrite 

Ml 

11111 

%cW: 

Sulfide 

T.TW- 

ry~ 

B 

mu 

pus 

mmm. 

w 

Turbidity 

$>i rnA-irr?--'  4< 

H 

mm 

nsvtfagijggs 

mm 

Chlorine  Residual 

*•/ 

M 

||||j||| 

gKSggsj 

gTOtsgwaisi 

*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  btank 


Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Sump  Pump  dischrg 

psi 

Up 

Bag  Filter  AP 

psi 

GAC  Influent 

psig 

12-- 

GAC  Effluent 

psig 

6> 

IX-1  Pressure 

psig 

l-T  ... 

j  Feed  Tank  Additions 

H3P04 

Sodium  Hypo 

Time 

2“fS" 

T-^o 

Initial  Tank  Level  (gal) 

ZS" 

lh 

Stock  Added 

Type  of  Water  Used  For 
Dilution 

Wf. 

— . 

Volume  Dilution  Added 
faal) 

- — . 

Total  Volume  Added 
(aal) 

£-ST 

- — 

Final  Tank  Level 

g.o 

i  &> 

V  Backwash  Record  / 

BackwastTstarJ  time:  .  / 

Backwash  duratlbq. 

min 

Initial  Product  Tank  Lev5f\ 

gal 

y 

Final  Product  Tank  Level  >Ss 

, _ gal/ 

Time  of  sample  collection:  \ 

Location 

(NTU) 

/\  TSS  Collected? 

Lead  Purge  1 

/ 

DNo 

Lead  Purge  2 

□Ye>\  DNo 

Lag  Purge  1  , 

□Yes  X^No 

Lag  Purged 

□Yes 

Media  Filter 

□Yes  DNo 

Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

O- 

■a  "o 

Dissolved  Oxyge 

if 

LL  (D 

Nitrate  +  Nitrite 

_  (D 

<5  Z 

Nitrite 

.1  s 

Sulfide 

t»  i: 

3  w 

Chlorine 

< 

o-Phosphate 

c 

pH 

°  CV. 

g  5 

ORP 

^  s  s 

O  C£.  C 

Turbidity 

Note:  There  are 
3785  mL  per 
gallon. 


NOTES: 


|»0  ‘b>|4  "  q&SlTVOU  tp  -d*s 

ftPSt  (aC,  A  Acs o  TTOfc.  SjAv^PE’S 


P*X  <A TU-T&g-  TO  3>4PL\C4A-T-er 


— TAK6M  (gL  •  2-0 


Treatment  System  Inspection 

Outlet  Totalizer 

gal 

■7Sn3&t> 

Target  Flow  Rate 

gpm 

G 

Internal  Recycle  Rate 

gpm 

MBfR  1  pH 

std  units 

6*£" 

MBfR  2  pH 

std  units 

MBfR  1  ORP 

mV 

-**(* 

MBfR  2  ORP 

mV 

—  2t2 

Nitrate  Frequency 

Hz 

— 

Last  N  Feed 

ppm  (N) 

LastN  R1 

ppm  (N) 

Last  N  R2 

ppm  (N) 

WEBm 

MBfRI  Sparge  Rate 

mm 

2.^0 

MBfR2  Sparge  Rate 

mm 

Zq  0 

Phosphate  Pump  Settings 

^E3uH 

!3o 

BZEgaaa 

/Oft 

Phosphate  Concentration 

mg/LP04 

/■  7 

Aeration  Tank  Air  Flow 

scfm 

3-Z 

Air  Tank  Pressure 

psig 

2  •  1 

Target  Media  Filter  Flow 
Rate 

gpm 

Media  Filter  Inlet  Pressure 

psig 

if-.Lf 

Media  Filter  Outlet 

Pressure 

psig 

2  2L- 

Sodium  Hypo  Pump 
Settings 

spm 

1ST 

%  stroke 

Too 

Coagulant  Tank  Level 

gal 

o 

Coagulant  Pump  Settings 

ml/m  in 

or-F 

C02  Cylinder  Pressure 

psi 

H2  Cylinder,  Pressure 

psi 

N2  Pressure 

psi 

/s¥ 

N2  Flow  Rate 

scfm 

Tubidity  (Instrument) 

NTU 

to --0(4 

Turbidity  (OIT) 

NTU 

e>  •‘DCe 

B-138 


Data  Log  Sheet 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Air  Monitoring 

Ze  ro  Cal  i  bration  ?  □  Yes  □  No 

Mixed  Cyfinder 

Aeration  Tank 

MBfR  1 

MBfR  2 

OIT  Area 

Time 

Carbon  Monoxide  (ppm) 

Oxugen (%) 

Methane  (%  LEL) 

Hydrogen  Sullide  (ppm) 

.‘NAmPlg  £ 
■RHI' | 


“  2  -3 

"  2."  H* 
- 

—  2.-6? 
—  2_--7 

-  2 


^•32 

1^32- 


U  •  3-^- 
1 2-=32- 
l 


MStJA  T=lCTer?-2.  —sf 

Fiu*tg^— 2.-ic 
j4>up’ut<sA.*ne-  \ 


2. 

'Wr5’  -  3 


5* -32. 


2- 


-=funS+i 

rfvMVSH 

M^jpvA  ^u.T&p2. 

JFunrS5^ 


^'•'5'Z 

4*^2- 


fd  rrtZArr^  t&e"AX^td<£c£ 


— WtA^ 

UCArO 

l^St 

€S'-3o 

S-26 

•nr-^3 

l°’3o 

-7 

U*  Bo 

-7-l<2- 

2  -H-o 

O  ■  (c(fi 

i  '*-2>o 

^•2-3 

C>.  s*o 

2  :3d 

3-ir 

3  ** 

^•3.0 

2.-°£> 

O  - 
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Data  Log  Sheet 


Date 


:  0\/\-jf\2~ 


Time: 


iiiio 


ESTCP:  Technolo  emonstration  Plan 
Perchlorate  Destruction  Usii.^.  -iembrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  A^UC-Af-^ 


pH  calibration? 
Standards:!^ 
Standard  Reading: 


l4e 


es  UNo 
'7  ^0 


Field  Samples 


ORP  calibration?  UYes 
Temp  (Deg  C):. 


Turbidity  calibration?  UYes  UfNo 
Standards:  DO  D20  D  200  □  1000  □4000 
Readings: 

0.136: 


4: . 


4-0^  7:  'f'Cr7  10:  10-  I  IP 


Standard  Reading:  220:  


.  0.30:. 


0.50: 


Lead  Reactor: 


□  MfBRI 

□  MfBR2 


Lead  Sample  Lag  Sample 

if  MBfRI  in  LEAD:  SP-200B  □ 


SP-100A  □ 


Sample  Collection  Time: 


if  MBfR2  in  LEAD:  SP-1 OOB  □ 


I'Z.'-  06 


Parameter 

Units 

Influent 

*Lead 

Reactor 

*Lag 

Reactor 

Aeration 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 

Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

■■ 

(std  units) 

1  "  T 

y-S’i 

fURHIH 

jSSsiisSS 

mam 

PH 

TfSM 

ORP 

MUM 

mMm. 

WM 

«f^| 

w$mm 

Mm 

1111 

i1?'" : 

shim 

Nitrate  +  Nitrite 

(mq/L-N) 

■T  - 

9NMK 

SalSraiSSBagS 

-  : 

Ite 

HP 

WS8MM 

Nitrite 

(mo/L-N) 

f|§||§|§| §f 

'-/r 

3# 

HgaKlHI 

SIMM 

Mill 

Sulfide 

HUH 

HHM 

5iv^>«V?-5r^i. 

SMtStt 

MH 

Turbidity 

-  V  ,  ; 

HHH 

•:  *  'V"‘.  •  ; 

feisteaisi 

jg|||| 

111111111 

Chlorine  Residual 

HMsiliBHil 

^viLrH 

1111111 

04 

iff! 

jfcfeffigK 

-  ‘ 

*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 

VC 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Sump  Pump  dfschrg 

psi 

Bag  Filter  AP 

psi 

GAC  Influent 

psig 

GAC  Effluent 

psig 

IX‘1  Pressure 

psig 

Feed  Tank  Additions 

H3P04 

Sodium  Hypo 

Time 

Initial  Tank  Level  (gal) 

_L7_ 

Stock  Added 

— 

— 

Type  of  Water  Used  For 
Dilution 

— — 

Volume  Dilution  Added 
(gal) 

— — 

— — ' 

Total  Volume  Added 
(Gal) 

Final  Tank  Level 

Loall _ 

4*£ 

-±7- . 

Backwash  Record 


Backwash  start  time: 


Backwash  duration 


Initial  Product  TantTbeveL 


Final  Product  Tank  Level 


gal 


gal 


[Time  of  sample  collection: 


Location 


Lead  Purge  1 


Lead  Purge  2 


Lag  Purged'"' 


Lag  Purge  2 


"\JMedia  Filter 


(NTU) 


3 


TSS  Collected? 


a  No 


□Yes 


□Yes 


□  No 


No 


□Yes 


]Na^_ 


□Yes 


□  No 


Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

Additional  Field 
Test  Kits  Needed? 

Dissolved  Oxyge 

Nitrate  +  Nitrite 

Nitrite 

Sulfide 

Chlorine 

o-Phosphate 

Calibration 

kits 

needed? 

pH 

ORP 

Turbidity 

Note:  There  are 
3785  mL  per 
gallon. 


'if*  VAU-(^  -Tt>  to  TS  ’bZv&'j 


£***•  Whs  CMi4U6<£t>  Tt5  -vfrcJf-  to  s  rsr.  a 


f  t/><^  \Mrrv<gte&  AT  \-\S  - 


Treatment  System  Inspection 

Outlet  T  otalizer 

gal 

msuWSff 

Target  Flow  Rate 

gpm 

6> 

Internal  Recycle  Rate 

gpm 

MBfR  1  pH 

std  units 

T  4 

MBfR  2  pH 

std  units 

7-2. 

MBfR  1  ORP 

mV 

MBfR  2  ORP 

mV 

nrzm\ 

Nitrate  Frequency 

Hz 

— . 

Last  N  Feed 

ppm  (N) 

£•33 

Last  N  R1 

ppm  (N) 

AkV 

Last  N  R2 

ppm  (N) 

6  ■■o'Z- 

mm 

^2jHt o 

MBfR 2  Sparge  Rate 

mm 

Phosphate  Pump  Settings 

IHjSSB 

IggHFlIFI 

HOI II 

Phosphate  Concentration 

mg/LP04 

Z-o 

Aeration  Tank  Air  Flow 

scfm 

32- 

Air  Tank  Pressure 

psig 

7--/ 

Target  Media  Filter  Flow 
Rate 

gpm 

sr 

Media  Filter  Inlet  Pressure 

psig 

£>■7 

Media  Filter  Outlet 

Pressure 

psig 

2-2- 

Sodium  Hypo  Pump 
Settings 

spm 

l^r 

%  stroke 

/«*> 

Coagulant  Tank  Level 

gal 

1° 

Coagulant  Pump  Settings 

ml/min 

C02  Cylinder  Pressure 

psi 

72 

H2  Cylinder  Pressure 

psi 

7t 

N2  Pressure 

psi 

tbZ 

N2  Flow  Rate 

scfm 

. - 

Tubidity  (Instrument) 

NTU 

Turbidity  (OIT) 

NTU 

o.  12. 

B-140 


Data  Log  Sheet 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 


Data  Log  Sheet  \ 

\j\VUlL. 


Date:_ 


Time:  /  J  »  H £ 


ESTCP:  Technolc  emonstration  Plan 
Perchlorate  Destruction  Usi> .Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  &£  fi.0j4  O  F_ F 


pH  calibration?  UYes 
Standards:  D4  D7  DIO 
Standard  Reading: 

4: _ 7: _ 


l*1^o 


Field  Samples ,■ 

rafor 


.10:. 


OhP  calibration?  J  Yes 
Temp  (Deg  C):. 


Standard  Reading:  220: 


Turbidity  calibration?  UYes  UNo 
Standards:  DO  D20  D200  01000  04000 
Readings: 


0.136:. 


.  0.30:. 


.  0.50:_ 


Lead  Reactor: 


pfMfl 


rMfBRI 
□  MfBR2 


Lead  Sample 
SP-100A  □ 


Lag  Sample 
it  MBfRI  in  LEAD:  SP-200B  □ 
if  MBfR2  in  LEAD:  SP-100B  □ 


Sample  Collection  Time: 


Parameter 

Units 

influent 

*Lead 

Reactor 

*Lag 

Reactor 

Aeration 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

IX  1 

Effluent 

Permitted 

Outfall 

(std  units) 

§m 

fciKKS} 

•  .  -  '• 

Temperature 

■  j 

ggH 

lift 

■k>  -  . 

i mm 

ORP 

plsii 

PP1 

IPgR 

181 

[ip* 

ill! 

■jig 

Nitrate  +  Nitrite 

fStHSi 

WMMM 

MiiJl 

1M 

mm 

Nitrite 

(mg/L-N) 

maim 

mm 

Mmm 

ipS 

m m 

i  V;:.-  '■ 

■  ■  ..  , 

Sulfide 

ill 

§§J§ 

MfiH 

Turbidity 

[Si 

Chlorine  Residual 

mom 

tmrm 

fell;. 

\m 

'  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Noto:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Sump  Pump  dischrg 

psi 

Bag  Filter  AP 

psl 

GAC  Influent 

psig 

GAC  Effluent 

psig 

IX-1  Pressure 

psig 

Feed  Tank  Additions 

H3P04 

Sodium  Hypo 

Time 

Initiaf  Tank  Level  (gal) 

Stock  Added 

Type  of  Water  Used  For 
Dilution 

Volume  Dilution  Added 
(gal) 

Total  Volume  Added 
(gal) 

Final  Tank  Level 

fnah 

Backwash  Record 

Backwash  start  time: 

Backwash  duration 

min 

Initial  Product  Tank  Level 

gal 

Final  Product  Tank  Level 

gal 

Time  of  sample  collection: 

Location 

.  (NTU) 

TSS  Collected? 

Lead  Purge  1 

□  Yes  DNo 

Lead  Purge  2 

□  Yes  DNo 

Lag  Purge  1 

□  Yes  DNo 

Lag  Purge  2 

□  Yes  DNo 

Media  Filter 

□  Yes  ONo  - 

Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

Additional  Field 
Test  Kits  Needed? 

Dissolved  Oxyge 

Nitrate  +  Nitrite 

Nitrite 

Sulfide 

Chlorine 

o-Phosphate 

Calibration 

kits 

needed? 

pH 

ORP 

Turbidity 

Note:  There  are 
3785  mL  per 
gallon. 


NOTES: 


ATT  a/.  e&reo  u  3  Th&j  FtP-Ctc  r  to  PeSrti  /it  f)  i,rr-R. 


AiP  Pur^p  -  fce-$7 Pt,' )M  p  ufoti  Si  jrL  Afi-£1\/AL 


•Ttid  TkitRiO rT*f  efti  rM^Tg-iAKfetdT  {Post  Fit. 4/D 


DfZ-z  fF69  Po  tuiO  To 


c’eVi#w 


£u  f 


Ze>rp,p^i^  Fuh  ft 


Treatment  System  Inspection 

Outlet  Totalizer 

gal 

Target  Flow  Rate 

gpm 

im 

Internal  Recycle  Rate 

gpm 

m,n 

MBfR  1  pH 

std  units 

mom 

MBfR  2  pH 

std  units 

7,X 

MBfR  1  ORP 

mV 

MBfR  2  ORP 

mV 

-6JL8 

Nitrate  Frequency 

Hz 

- 

Last  N  Feed 

ppm  (N) 

nm 

Last  N  Rl 

ppm  (N) 

WFM 

Last  N  R2 

ppm  (N) 

Otii _ 

MBfRI  Sparge  Rate 

mm 

Esa 

MBfR 2  Sparge  Rate 

mm 

2HO 

Phosphate  Pump  Settings 

KEH 

2  G 

3o 

wsm 

Aeration  Tank  Air  Flow 

scfm 

3 . ) 

Air  Tank  Pressure 

psig 

2,  o 

Target  Media  Filter  Flow 
Rate 

gpm 

5 

Media  Filter  Inlet  Pressure 

psig 

2. 1 

Media  Filler  Outlet 

Pressure 

psig 

y 

Sodium  Hypo  Pump 
Settings 

spm 

/ 

%  stroke 

Zoo 

Coagulant  Tank  Level 

gal 

3 

Coagulant  Pump  Settings 

ml/min 

5 

C02  Cylinder  Pressure 

psi 

°jO 

H2  Cylinder  Pressure 

psi 

N2  Pressure 

psi 

12X 

N2  Flow  Rate 

scfm 

— 

Tubidlty  (Instrument) 

NTU 

0.9Q> 

Turbidity  (OIT) 

NTU 

Data  Log  Sheet 


ESTCP:  Technolo 


imonstration  Plan 


Date: 


Time: 


Perchlorate  Destruction  Usii.^  .membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_  Operator:  B ££-OKOf  ¥ 


Field  Samples 


pH  calibration?  UYes  uno 

Standards:  U4  D7  DIO 

Standard  Reading: 

4:  7:  10: 

uhh  calibration?  UYes  uNo 

TemD  (Dead: 

Standard  Readina:  220: 

Turbidity  calibration?  UYes  UNo 

Standards:  CIO  D20  0200  D1000  D4000 

Readings: 

0.136:  0.30:  0.50: 

Lead  Sarrmle  Laa  Samole 

Lead  Reactor:  SP-100AD  if  MB,R1  in  LEAD:  SP-200B  n  Sample  Collection  Time: 

[U^1® R2  if  MBfR2  in  LEAD:  SP-1 00B  □ 

Parameter 

Units 

Influent 

‘Lead 

Reactor 

*Lag 

Reactor 

Aeration 

Media 

Filter 

Effluent 

Post 

Sodium 

Hypo 

Finished 

Water 

GAC  1 
Effluent 

GAC  2 
Effluent 

1X1 

Effluent 

Permitted 

Outfall 

(std  units) 

■I 

■ 

is 

WM 

T  emperature 

mm 

H 

mm 

11111 

wm 

ORP 

Mmm 

nm 

Hi 

111111 

■i 

m 

m 

■H 

m 

aappaagfaf 

Nitrate  +  Nitrite 

(mq/L-N) 

1  1 

llilM 

isS 

iii 

HKB 

IPH 

Nitrite- 

litlliy 

inisi 

mhI 

till 

MM 

ai— 

Sulfide 

■ 

mmzm 

reBlISBi 

MU 

H 

warn 

Turbidity 

HlljBj 

i mm 

WMM 

m 

m 

m 

— 

Chlorine  Residual 

1 

HH^I 

nm 

liHil 

wm 

m 

HH 

m 

"  f 

Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Sump  Pump  dischrg 

psi 

Bag  Filter  AP 

psi 

a 

GAC  Influent 

psig 

ta 

GAC  Effluent 

psig 

IX-1  Pressure 

psig 

_ LA  _  _ 

Feed  Tank  Additions 

H3P04 

Sodium  Hypo 

Time 

1  iqT 

'Am 

Initial  Tank  Level  (gal) 

3.*f 

Stock  Added 

Type  of  Water  Used  For 
Dilution 

* 

Volume  Dilution  Added 
(gal) 

- 

Total  Volume  Added 
(gal) 

w 

Final  Tank  Level 

7  M 

Backwash  Record 

Backwash  start  time: 

Backwash  duration 

min 

Initial  Product  Tank  Level 

gal 

Final  Product  Tank  Level 

gal 

Time  of  sample  collection: 

Location 

(NTU) 

TSS  Collected? 

Lead  Purge  1 

□  Yes  DNo 

Lead  Purge  2 

□  Yes  DNo 

Lag  Purge  1 

□  Yes  DNo 

Lag  Purge  2 

□  Yes  DNo 

Media  Filter 

□  Yes  DNo 

Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

Additional  Field 
Test  Kits  Needed? 

Dissolved  Oxyge 

Nitrate  +  Nitrite 

Nitrite 

Sulfide 

Chlorine 

o-Phosphate 

Calibration 

kits 

needed? 

pH 

ORP 

Turbidity 

\Note:  There  are 
3785  mL  per 
gallon. 


CHPiiifeio&e  r ftS.Zrtti,  o  &**«*&&  wl 


EQafcirArio/j  rutv-  L-n^ks  (i M-Mkit;  /  wr  c^f±£_ 


j-co'Mr.  FiU’i'A  ns.  ?ty,t  t/a.m  4TcP  77/ft 


m^Tons 


A*-10  5?‘(-teD  c-yr>,nc-  ZH£  cmTAiioH&Lvr  AC-t^. ,  0/Y4  ‘Smith:  rca,  A 


Treatment  System  Inspection 

Outlet  Totalizer 

gal 

~j9Z£7<2  c 

Target  Flow  Rate 

gpm 

6 

Internal  Recycle  Rate 

gpm 

1  Aofoy  o 

MBfR  1  pH 

std  units 

EH 

MBfR  2  pH  ■ 

std  units 

72 

MBfR  1  ORP 

mV 

'  5b  2 

MBfR  2  ORP 

mV 

BH M 

Nitrate  Frequency 

Hz 

Last  N  Feed 

ppm  (N) 

LastN  R1 

ppm  (N) 

C,  G(e 

Last  N  R2 

ppm  (N) 

*2.  *** 

MBfRl  Sparge  Rate 

mm 

lqo 

MBfR2  Sparge  Rate 

mm 

Phosphate  Pump  Settings 

Zas 

ESHHS1 

Phosphate  Concentration 

mg/LP04 

7,  o 

Aeration  Tank  Air  Flow 

scfm 

3,2. 

Air  Tank  Pressure 

psig 

2  A 

Target  Media  Filter  Flow 
Rate 

gpm 

<T 

Media  Filter  Inlet  Pressure 

psig 

Media  Filter  Outlet 

Pressure 

psig 
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Time:  PM 


ESTCP:  Technology  Demonstration  Plan 
Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTCP  Project  Number  ER-200541 
_ _  Operator:  Afc*  FF* _ 


Field  Samples 

Calibration 

pH  calibration V  UYes  UNo 

Standards:  D4  D7  DIO 

Standard  Reading: 

4:  7:  10: 

ORP  calibration?  UYes  UNo 

Temp  (Dea  Cl: 

Standard  Reading:  220: 

Turbidity  calibration?  UYes  UNo 

Standards:  00  D20  D200  D1000  D4000 

Readings: 

0.136:  0.30:  0.50: 

Lead  Sample  Lag  Sample 


Lead  Reactor: 


*  Signifies  MBfR  1  or  MBfR  2  depending  on  if  reactor  is  in  the  lead  or  lag  position  -  this  changes  every  96  hours 


Note:  shaded  boxes  are  to  remain  blank 


Post  Finished  Water 

System  Inspection 

Collect  while  sump  is  running 

Sump  Pump  dischrg 

psi 

Bag  Filter  AP 

psi 

GAC  Influent 

psig 

GAC  Effluent 

psig 

IX-1  Pressure 

psig 

i  Feed  Tank  Additions  ] 

H3P04 

Sodium  Hypo 

Time 

noo 

noo 

Initial  Tank  Level  (gal) 

A  7  .. 

/«r 

Stock  Added 

!00 

— 

Type  of  Water  Used  For 
Dilution 

- 

Volume  Dilution  Added 
(gal) 

3,3 

- 

Total  Volume  Added 
(gal) 

3-3 

Final  Tank  Level 

sr 

*sr 

Backwash  Record 

Backwash  start  time: 

Backwash  duration 

min 

Initial  Product  Tank  Level 

gal 

Final  Product  Tank  Level 

gal 

Time  of  sample  collection:  i 

Location 

(NTU) 

TSS  Collected? 

Lead  Purge  1 

□  Yes  DNo 

Lead  Purge  2 

□Yes  ONo 

Lag  Purge  1 

□Yes  DNo 

Lag  Purge  2 

□Yes  DNo 

Media  Filter 

□Yes  QNo 

Inventory 

Type 

Check 

H3P04  Stock  (gal) 

Sodium  Hypo  Stock  (gal) 

Additional  Field 
Test  Kits  Needed? 

Dissolved  Oxyge 

Nitrate  +  Nitrite 

Nitrite 

Sulfide 

Chlorine 

o-Phosphate 

Calibration 

kits 

needed? 

pH 

ORP 

T  urbidity 

Note:  There  are 
3785  mL  per 
gallon. 


NOTES: 
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1 UP-MED 
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mV 
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mV 
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Last  N  Feed 

ppm  (N) 

%  ‘ 
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ppm  (N) 

Last  N  R2 

ppm  (N) 

7  C? 

MBfRI  Sparge  Rate 

mm 

Z-V  e> 

MBfR2  Sparge  Rate 

mm 

Phosphate  Pump  Settings 

ES53333 

Phosphate  Concentration 

mg/LP04 

Aeration  Tank  Air  Flow 

scfm 

Air  Tank  Pressure 

psig 

Target  Media  Filter  Flow 
Rate 

gpm 

Media  Filter  Inlet  Pressure 

psig 

Media  Filter  Outlet 

Pressure 

psig 

Sodium  Hypo  Pump 
Settings 

spin 

t  •s 

%  stroke 

/<DC> 

Coagulant  Tank  Level 

gal 

o 

Coagulant  Pump  Settings 

ml/min 

C02  Cylinder  Pressure 

psi 

°)Q 

H2  Cylinder  Pressure 
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N2  Pressure 
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)33 

N2  Flow  Rate 

sctm 

Tubidity  (Instrument) 

NTU 

Turbidity  (OIT) 

NTU 
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Perchlorate  Destruction  Using  Membrane  Biofilm  Reduction 
ESTOP  Project  Number  ER-200541 
Operator:  A 
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V 
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c 
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5 
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Turbidity 

Note:  There  are 
3785  mL  per 
gallon. 


NOTES: 


Jpu. 1  cvsxm  iy 


~\uMK£C>  Ofpf 
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Target  Flow  Rate 
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Internal  Recycle  Rate 
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mV 
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mm 
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Phosphate  Concentration 
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Aeration  Tank  Air  Flow 
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Air  Tank  Pressure 
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Target  Media  Filter  Flow 
Rate 
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Media  Filter  Inlet  Pressure 

psig 

Media  Filter  Outlet 

Pressure 

psig 

Sodium  Hypo  Pump 

spm 

Settings 

%  stroke 

Coagulant  Tank  Level 

gal 

Coagulant  Pump  Settings 

ml/min 

C02  Cylinder  Pressure 

psi 

H2  Cylinder  Pressure 
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N2  Pressure 
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N2  Flow  Rate 
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Tubidity  (Instrument) 
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APPENDIX  C 

FIELD  NOTES  AND  MONITORING  DATA 


Field  Notes 

Monitoring  System  Measurements 
Field  Sample  Analytical  Results 


FIELD  NOTES 


C-l 


Day  Operator 


Lead 

Reactor 


MBfR  2 


Yesterday  (4/20/11)  APT  &  CDM  worked  on  getting  MBfR  &  associated  system  hydraulics  up  and  running. 


At  end  of  day,  the  aeration  tank  &  product  tank  were  dosed  with  ~65ppm  of  chlorine  ( 1.42gal  of  6. 15% 
concentration  in  1300gal).  At  9am  (4/21/11),  took  C12  residuals  on  both  aeration  and  product  tanks  and  both 
recorded  levels  over  5  mg/L.  Calibrated  pH/ORP  meters  and  turbidimeter.  Did  not  take  lab  samples  today  as  the 
GAC  disposorb  units  were  not  operating  properly  -  the  pressure  was  building  up  in  the  vessel  to  the  point  where  it 
was  restricting  flow.  APT  left  MBfR  on  recirculation  so  it  can  begin  to  inoculate.  Added  1  ppm  H3P04  to  each 
reactor.  Working  toward  getting  new  GAC  unit  in  system  in  order  to  solve  pressure  build-up  issue. 


MBfR  had  no  issues  operating  over  night  in  recirculation  mode.  pH  meter  check:  dipped  into  buffer  4  solution,  read 
4.01.  Buffer  7  solution,  read  7.00.  Buffer  10  solution  read  219mV  against  standard  solution.  Calibrated  APT's  pH 
meters  for  both  MBfR  1  &  MBfR  2. 


Water  level  in  MBfR  1  decreased  by  roughly  10%  over  the  weekend.  Also  noticed  that  4  modules  were  turned  off 
on  MBfR  2.  Spoke  to  Ryan  (APT)  who  knew  about  this  and  then  had  me  turn  them  back  on  around  1 1 :20  am.  Took 
daily  reading  prior  to  turning  on  the  4  reactors  that  were  previously  off. 


Carbon  Supply  Inc  (CSI)  came  to  site  and  switched  out  carbon  media  from  Calgon  disposorbs  to  their  steel  vessels. 


Official  startup  date 


System  ran  overnight  without  any  mishaps.  Took  monthly/annual  grab  samples  today.  After  taking  all  grab  samples 
for  lab,  APT  shut  off  H2  feed  to  system  for  ~1.5  hours  in  order  to  calibrate  LEL  sensors  -  meaning  today's 
analytical  field  tests  may  not  be  accurate.  Was  unable  to  perfonn  field  tests  on  multimedia  filter  due  to  APT 
running  backwashes  on  both  MBfR  &  Filter. 


System  appears  to  be  stable  over  it's  first  weekend  in  operation  (no  major  issues/leaks).  pH  meter  read  4.02,  7.01, 
10.11  against  buffer  solutions.  ORP  read  2 1 8mV  against  standard  solution. 


pH  meter  was  tested  against  buffer  solutions,  readings  were  4.02,  7.02  &  10.07  respectively.  ORP  meter  was  tested 
against  buffer  solutions  with  reading  of  217.  APT  informed  CDM  that  MBfR  feed  pump  was  malfunctioning  and 
was  shut  down  due  to  air  in  the  system.  APT  had  also  told  CDM  that  N02  &  N03  readings  may  be  misleading. 
Turbidity  meter  was  calibrated  using  solutions.  APT  worked  towards  filling  Hypochlorite  tank  and  determined 
pump  flow  rate  based  on  concentration.  Topped  of  Phosphate  tank;  added  3.8  gallons  of  water  and  42.3  ml  of  85% 
H3P04 


C-2 


Date 

Day 

5/6/1 1 

8 

5/9/1 1 

11 

5/11/11 

13 

5/13/11 

15 

5/14/11 

16 

5/16/11 

18 

MBfR  2 


MBfR  2 


Lead 

Reactor 


Aeration  tank  has  slight  smell  of  Sulfur.  MBfR  feed  pump  =  1  gpm  due  to  problems  with  air  in  the  system.  APT 
had  informed  CDM  that  the  feed  pump  had  lost  its  prime  and  was  set  at  a  lower  flow-rate.  To  alleviate  the  problem, 
CDM  raised  18"  the  low  level  switch  in  the  feed  tank.  After  raising  it,  the  flow  on  the  feed  pump  was  increased  to 
10  gpm.  Nitrate  laboratory  sample  was  taken  from  the  effluent  of  the  Nitrate  analyzer.  The  hertz  reading  was  also 
recorded  to  help  calibrate  the  Nitrate  sensor.  Laboratory  samples  were  taken  at  12:00,  and  test  America  picked  up  at 
1:00.  One  sample,  Aeration  XX  was  not  picked  up  by  the  courier.  CDM  replaced  the  air  release  valve  on  GAC 
vessel  2. 


MBfR  1  |Topped  off  phosphate  tank:  added  48.2ml  H3P04  &  3.6  gal  water. 


David  informed  CDM  that  feed  pump  had  malfunctioned  last  night  and  readings  from  the  MBfR  1&2  reactors  will 
have  to  be  postponed  because  they  will  not  be  representative.  The  pump  will  require  some  troubleshooting  in  order 
for  it  to  run  properly.  Laboratory  samples  we  postponed  to  12:00  on  the  MBfR  reactors.  The  MBfR  samples  were 
taken  from  the  nitrate  effluent  line  at  the  top  of  the  reactors.  Samples  for  Perchlorate  and  Nitrate  from  the  MBfR 
1&2  were  sent  to  the  lab  with  a  24  hour  TAT.  Clyde  had  tried  to  trouble  shoot  pump  problem.  An  air  leak  may  be 
present  which  causes  the  loss  of  prime  at  higher  flow  rates.  Clyde  had  taken  apart  the  feed  pump  piping.  No  damage 
or  missing  parts  were  observed.  Clyde  reinstalled  the  feed  piping  using  new  Teflon  on  the  pipe  fittings  and 
realigning  the  pump  so  that  the  pipe  experiences  no  "springing"  force. 

Feed  flow  increased  from  5  to  8gpm  at  17:50.  R2  H2  P  increased  from  6  to  8psig  at  20:05. 


APT  was  on  site  yesterday  fixing  prime  problem  in  feed  pump.  Pipe  shavings  were  found  lodged  into  the  impellor. 
APT  increased  feed  rate  to  8  gpm.  APT  installed  new  sample  location  taps  for  SP-100  &  SP-200  to  mitigate  high 
D.O.  level  readings  for  field  analysis  kits.  Inspected  feed  tank  for  any  additional  pipe  shavings  but  nothing  was 
visible.  APT  set  up  chlorine  dose  pump  to  begin  feeding  media  filter  yesterday.  Measured  flow  rate  on  C12  pump; 
pump  set  @  131  spin  &  25%  stroke  length.  This  yielded  30  ml  in  14  minutes  (or  2. 1  ml/min  -  12.5%  Sodium 
Hypochlorite).  Added  3.7  gallons  of  water  *  36  ml  H3P04  to  phosphate  tank. 

R2  H2  P  increased  from  8  to  14psig  during  the  day.  C02  lumen  ratio  for  reactors  changed  from  0.05  to  0.15  at 
23:00. 


pH  set  points  changed  from  7.5  to  7.2  at  16:30.  Feed  flow  changed  from  8  to  10  gpm  at  17: 15.  Filter  from  changed 
from  5  gpm  to  8  gpm  22:45. 


APT  increased  target  flow  rate  from  8  gpm  to  10  gpm  on  5/15/11.  Checked  pH  probe  against  buffer  solutions  and 
got  the  following:  4.00,  7.05,  10.14.  Checked  ORP  probe  against  buffer,  read  218  mV. 


MBfR  2 


MBfR  1 


C-3 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

5/18/11 

20 

MBfR  1 

Topped  off  phosphate  tank:  added  37.5  ml  H3P04  &  2.8  gal  water.  APT  had  me  measure  the  fiber  purge  rate  on 
each  reactor  then  drain  each  purge  line  of  any  moisture.  R1  bubbled  at  2  bubbles  per  second  &  R2  at  ~8  bubbles  per 
second.  R1  did  not  discharge  any  moisture  &  R2  discharged  ~0.5  ml  of  moisture  (these  fibers  were  drained  at 
12:40pm).  At  1 :40pm  APT  had  me  increase  purge  rate  on  R1  to  equal  that  of  R2  as  best  as  possible.  Both  purging 
@  -8  bubbles/second. 

Fiber  drains  venting  test  around  12:00pm. 

5/19/11 

21 

NA 

NA 

At  1 1:30am,  R2  C02  lumen  flow  ratio  was  changed  from  0.15  to  0.05  and  R2  H2  Pressure  was  adjusted  (from  14 
psig  to  1 1.5  psig)  accordingly  to  keep  the  same  R2  H2  flow  as  before.  This  was  done  in  order  to  determine  the 
effect  of  C02  lumen  flow  on  nitrate  reduction.  R2  H2  P  was  increased  to  15  psig  at  16: 10.  R1  H2  P  was  increased 
from  6  to  8  psig  at  22:46.  R2  H2  P  was  increased  to  18  psig  at  22:50. 

5/20/1 1 

22 

CA 

MBfR  2 

All  influent  readings//samples  were  taken  after  the  nutrient  injection  point  at  the  skid  system.  Phosphate  tank  was 
emptied  and  filled  with  new  solution.  The  new  Phosphate  solution  contains  .52  mg/L-P.  APT  onsite.  APT  has  shut 
down  the  system  between  10:00  - 1 1 :300  to  calibrate  the  pH  and  ORP  meter  on  reactors  1  and  2.  Test  America 
onsite  to  pick  up  samples.  APT  restarts  the  system  and  has  to  manually  turn  on  the  Hydrogen  generator. 

At  7:40am,  pH  set  points  for  R1  and  R2  increased  to  7.5.  At  10:00  am,  system  was  shut  down  by  Richard  (Temp- 
R1  and  R2  ORP  fixed).  At  12:20  system  started  again.  At  18:45  Hydrogen  leak  detected  in  H2  generator  (E-13 
error),  unable  to  restart  H2  generator.  System  running  with  H2  cylinders. 

5/21/11 

23 

NA 

NA 

Feed  flow  decreased  from  10  to  8  gpm  and  R2  H2  P  from  1 8  to  12  psig  at  1 1 :00.  R1  H2  P  decreased  from  8  to  6 
psig  at  17:05  (we  want  some  operating  conditions  as  before  to  replicate  previous  results).  pH  set  points  changed 
from  7.5  to  7.2  at  17:13  because  we  don't  want  to  precipitate  hardness  in  modules. 

5/23/1 1 

25 

DB 

MBfR  1 

When  phosphate  tank  was  filled  last  time  out,  the  valve  leading  to  the  dosing  pump  was  not  opened  back  up  so  no 
phosphate  was  being  dosed  to  system.  MBfR  flow  rate  was  lowered  on  5/21/1 1  to  8  gpm  (from  10  gpm)  due  to  lack 
of  nitrate  removal  (this  may  be  due  to  no  H2P04).  Increased  stroke  length  on  C12  pump  to  40  and  decreased  stokes 
per  minute  to  80  (from  131),  due  to  pump  losing  its  prime  upon  each  site  visit  -  pump  should  be  operating  in  mid  to 
high  range.  H2  generator  stopped  working  on  5/20/11.  Only  had  700  lbs  remaining  in  backup  6-pack  so  that  ran  dry 
-  however,  APT  verified  that  system  was  still  being  dosed  with  H2  Monday  morning  so  it  likely  ran  out  around  the 
time  I  arrived.  Switched  hose  over  to  alternate  6-pack. 

New  set  of  H2  cylinders  connected  at  10:40.  Filter  flow  changed  to  7.5  gpm  at  14:30. 

C-4 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

5/25/1 1 

27 

CA 

MBfRl 

Richard  with  APT  is  onsite  to  repair  and  clean  the  Nitrate  analyzer  located  in  the  reactor  skid.  He  has  removed  all 
tubing,  but  the  system  is  still  operational.  No  Nitrate  analyzer  readings  were  taken  today  at  the  HM1.  Dave  Musico 
and  Jonathan  Roberts  with  NALCO  visit  the  site.  They  NALCO  representatives  will  investigate  alternate 
applications  that  can  be  installed  at  the  site  to  reduce  turbidity.  The  treatment  process  was  reviewed  and  NALCO 
requested  information  regarding  discharge  limits  and  water  quality  data.  Cole  with  CDM  is  onsite  at  the  request  of 
APT  to  pick  up  all  of  the  debris  onsite  and  do  general  house  clean  for  tomorrow's  site  tour. 

Nitrate  analyzer  leaking  this  morning  because  the  SS  tubing  coming  out  from  the  analyzer  was  plugged.  System 
shut  down  for  a  while.  New  cell  stack  installed  and  H2  generator  started  at  15:00. 

5/26/1 1 

28 

NA 

NA 

R1  H2  P  increased  from  6  to  7  psig  at  9:53. 

5/27/1 1 

29 

DB 

MBfR2 

Injection  valve  for  phosphate  line  was  closed  upon  site  arrival.  Immediately  opened  and  reinstated  chemical  flow  to 
MBfR.  Ran  flow  test  on  phosphate  dosing  pump:  1)  480  ml  =  Time  zero.  2)  460  ml  =  Time  10  minutes.  Phosphate 
pump  successfully  flowing  @  2  ml/min. 

Phosphate  addition  restarted  at  12:45  which  caused  the  feed  flow  meter  to  fluctuate  from  6.5  to  9.5  gpm  therefore 
phosphate  is  being  pumped  to  the  top  of  lead  reactor  R2. 

5/28/1 1 

30 

NA 

NA 

R2  H2  P  increased  from  12  to  14  psig  and  R2  C02  lumen  ratio  from  0.05  to  0.10  at  16:49.  R2  H2  P  increased  from 
14  to  16psig  at  18:44. 

5/30/1 1 

32 

NA 

NA 

Rialto  R2  water  flow  LO-LO  alann  at  12:27. 

5/31/11 

33 

NA 

NA 

Feed  flow  increased  from  8  to  10  gpm  at  12:33.  R1  H2  P  increased  from  7  to  8  psig  at  15:50. 

6/1/11 

34 

DB 

MBfRl 

On  5/31/1 1,  APT  remotely  increased  feed  to  system  from  8  gpm  to  10  gpm.  Took  perchlorate  samples  prior  to  the 
increase  and  submitted  to  lab  on  6/1/11.  Checked  pH  probe  against  buffers  -  results  were  as  follows:  4.00,  7.02  & 
10.17.  ORP  probe  read  218  mV  against  standard  solution.  On  5/31/1 1  the  phosphate  feed  line  was  moved  to  the 
lead  reactor  (Rl).  Operator  made  sure  that  chemical  was  being  fed  into  tank,  however  sometime  over  the  night  air 
built  up  at  the  high  point  which  prevented  any  phosphate  to  be  dosed  to  system.  I  immediately  bled  out  air  bubble 
and  increased  feed  rate  on  pump  from  a  25  stroke  length  to  35  in  order  to  over-compensate  for  the  missed  time, 
then  turned  it  back  down  to  25  after  a  few  hours.  Over  the  span  from  5/3 1  @  12pm  to  6/1  @  8:30am,  there  was  a 
total  of  0.4  gal  of  H3P04  solution  added  to  system.  Yesterday,  operator  added  2.5  gal  of  water  and  200  ml  85% 
H3P04.  Today  I  did  a  test  to  see  what  concentration  was  in  the  C12  tank  -  did  a  4000: 1  dilution  which  yielded  a  3.0 
ppm  reading,  thus  overall  concentration  in  tank  =  12,000ppm. 

Drained  Rl  &  R2  fiber  drains  at  13:10.  Rl  H2  P  increased  from  8  to  lOpsig  at  21:36  and  R2  H2  P  from  16  to  18 
psig  at  22:26. 

6/2/1 1 

35 

NA 

NA 

Sparge  cycle  at  13:45. 
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6/3/1 1 

36 

CA 

MBfRl 

Cameron  Welding  onsite  to  check  chemical  gas  supply.  Richard  with  APT  Water  onsite  to  repair  the  chlorine 
dosing  pump,  install  a  pressure  gauge  on  the  nitrate  analyzer  feed.  Richard  has  also  tapped  a  new  phosphate 
injection  point  downstream  of  the  MBfR  flow  meter.  Daniel  is  onsite  working  on  troubleshooting  the  chlorine  feed 
pump.  Daniel  has  mixed  a  new  chlorine  solution  with  a  4: 1  concentration.  4  gallons  of  12.5%  C12  and  8  gallons  of 
water  from  the  media  fdter  effluent.  Clyde  has  added  4  gallons  of  phosphate  solution  to  the  feed  tank.  The  4  gallon 
solution  consisted  of  320  mg  of  phosphoric  acid  and  4  gallons  of  water.  The  phosphate  feed  pump  was  reinstalled  at 
the  new  injection  point  and  flow  was  verified  to  be  injected.  Weekly  as  well  as  Monthly  samples  were  taken  and 
was  picked  up  by  Test  America  @  12:30. 

Richard  tapped  in  a  new  port  for  phosphate  injection  at  1 3 : 15.  Sparge  cycle  at  15:48. 

6/4/1 1 

37 

NA 

NA 

R2  modules  flushed  at  1 1:35.  R1  modules  flushed  at  1 1:45  (50  gpm  through  each  module  for  a  couple  of  minutes). 
Feed  flow  increased  from  10  to  12  gpm  at  13:40. 

6/5/1 1 

38 

NA 

NA 

R1  modules  flushed. 

6/6/1 1 

39 

CA 

MBfR2 

Clyde  purged  hydrogen  in  lines  from  MBfR  1  &  2  and  measure  expelled  liquid  per  recommendation  from  APT. 
Clyde  will  also  measure  the  purge  rate  on  1/8  tube.  Phosphate  pump  lost  its  prime  over  the  weekend.  A  flow  test 
will  be  conducted  on  phosphate  feed  pump.  APT  instructed  to  open  product  tank  feed  valve  to  allow  1 1  gpm  of 
flow,  Clyde  has  switched  bag  filters  on  outfall  system  due  to  a  5  psi  change  in  pressure  reading.  Clyde  set  the 
phosphate  pump  to  65  strength  length  @  10%  strokes.  Chlorine  pump  set  at  100  frequency  to  achieve  1  ppm 
chlorine,  possibly  due  to  nitrate  demand.  Adjusted  the  flow  rate  of  the  pump  back  to  original  setting  because  the 
chlorine  storage  tank  did  not  have  enough  storage  capacity  to  pump  at  that  rate.  Chlorine  residual  detected  after  this 
adjustment  at  the  addition  point  was  ND. 

Fiber  venting  for  R1  &R2  at  9:00.  Valve  to  the  filter  media  was  opened  more  (it  was  partially  opened  before)  which 
allowed  for  a  higher  filter  flow  and  a  decrease  in  the  inlet  and  outlet  pressures.  Filter  flow  increased  from  7.5  to  1 1 
gpm  at  10:22. 

6/7/1 1 

40 

NA 

NA 

Gap  in  the  data  due  to  power  being  out  between  9:30  and  13:45. 

6/8/1 1 

41 

NA 

NA 

Sparge  cycle  at  4  am.  David  worked  on  system  later  that  day.  He  did  the  following:  1)  He  replaced  the  phosphate 
dosing  pump.  2)  He  put  in  two  new  valves  for  polymer  injection:  one  into  media  filter  feed  pump  suction  line  and 
one  after  the  media  filter  feed  pump.  3)  He  also  put  in  continuous  module  purge  lines  to  each  pump’s  suction  and 
also  a  mechanism  to  measure  that  flow  or  to  potentially  take  a  sample. 

6/9/1 1 

42 

NA 

NA 

R1  H2  P  increased  from  10  to  12psig  at  20:20. 

C-6 
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6/10/11 

43 

DB 

MBfRl 

Cameron  welding  filled  N2  micro  bulk.  Began  recording  membrane  purge  rate  today  as  APT  installed  a  rotameter 
on  6/8/1 1 .  Nitrate  analyzer  went  down  around  9: 1 5  am  due  to  Daniel  pressing  the  wrong  key  on  the  analyzer. 

Daniel  reset  the  analyzers  per  request  from  APT;  the  reading  was  fixed  at  approximately  1:30  pm.  Added  4  gallons 
of  sodium  hypochlorite  (12.5%  sodium  hypo)  and  8  gallons  of  media  filter  effluent.  Set  the  pump  at  100%  stroke 
length  and  40  gpm.  Added  330  ml  of  85%  H3P04  and  3.7  gallons  of  feed  water  to  phosphate  tank. 

6/11/11 

44 

NA 

NA 

The  N  analyzer  was  thought  to  have  failed  at  15:28  so  we  closed  the  sample  valves  in  response  in  case  it  may  be 
leaking  and  no  water  was  getting  to  the  sensor.  Sparge  process  initiated  at  23:00 

6/12/11 

45 

NA 

NA 

Sparge  cycle  at  4am. 

6/13/11 

46 

DB 

MBfR2 

Phosphate  dosing  pump  was  leaking  upon  arrival.  The  leak  caused  by  the  discharge  compression  fitting  connection 
on  dosing  pump  not  being  tightened.  Fitting  was  tightened  to  stop  the  leak.  Nitrate  analyzer  was  off  upon  arrival. 
Aeration  compressor  was  off  upon  arrival.  Over  the  weekend  the  GFI  switched  off  causing  nitrate  analyzer  and 
aeration  compressor  to  shut  off,  as  they  are  tied  to  the  same  receptacle.  Reset  GFI  and  both  aeration/N2  analyzer 
came  back  on.  Had  to  increase  sodium  hypochlorite  pump  to  140  spm  from  40  spin  to  obtain  a  2.5  ppm  chlorine 
residual  on  post  filtration.  Sodium  hypochlorite  appears  to  be  degrading. 

6/13/11 

46 

NA 

NA 

The  GFI  receptacle  that  supplies  power  to  the  N  Analyzer  and  Aeration  Blower  was  reset  at  10: 10;  this  fixed  the  N 
Analyzer  and  Aeration  blower  problem.  Sample  valves  were  immediately  set  back  in  auto. 

6/15/11 

48 

DB 

MBfR2 

Pat  Evans  and  Jen  Smith  visited  the  site  to  go  over  system  with  Jen.  Phosphate  suction  line  accumulated  air  bubbles 
causing  no  phosphate  being  dosed  to  the  system.  Visually  inspected  tops  of  reactors  and  saw  foam  accumulation  in 
the  lag  reactor  which  is  a  sign  of  biological  activity.  Also  on  R1  the  center  module  was  more  brown  in  appearance 
compared  to  the  outer  modules.  Took  weekly  pennit  samples  on  effluent.  Calibrated  phosphate  pump,  see  notes  for 
settings  and  flow  rates  achieved. 

6/15/11 

48 

NA 

NA 

Calibration  of  turbidity  meter  in  the  afternoon  around  4  pm.  They  were  working  with  N  Analyzer  too. 

6/16/11 

49 

DB 

MBfRl 

Checked  pH  meter  against  buffers,  they  read  4.02,  7.01,  and  10.1 1.  Noticed  very  small  air  bubbles  coming  through 
SP-100A  tubing.  This  may  be  due  air  entrainment  from  water  flowing  from  the  lead  reactor  on  its  way  to  the  lag 
reactor  from  the  over  the  over-flow  drain.  JS  checked  turbidity  standards,  and  measured  0.0,  20.6,  and  104  NTU. 

DI  water  read  0. 16  and  <1  NTU  standard  read  0.20  when  checked  a  second  time.  Collected  a  sample  at  12:50  after 
the  phosphate  feed  for  o-phosphate  analysis,  sample  was  called  Influent-Post  Nutrient.  Collected  samples  at  15:15 
from  the  effluent  of  the  lead  (SP-100A)  and  lag  (SP-200B)  for  perchlorate,  nitrate,  and  nitrite  analysis  samples 
were  called  Lead  Reactor  and  Lab  Reactor.  Also  collected  a  second  round  of  field  data  monitoring  at  SP- 1 00A,  SP- 
100B,  and  SP-200B.  At  15:35  added  90  ml  of  H3P04  and  1  gallon  of  feed  water  to  the  phosphate  tank,  final  tank 
level  was  5  gallons.  Perfonned  chlorine  demand  testing. 

6/16/11 

49 

NA 

NA 

Sparge  at  4  am.  High  Sump  Level  by  accident  at  12:45. 
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6/20/1 1 

53 

DB 

MBfR2 

Added  16  gal  12.5%  sodium  hypo  and  14  gal  filter  effluent.  Began  dosing  post  media  effluent  at  12:30  pm,  pump 
setting  set  to  100%  stroke  length  and  50  gpm  for  an  injection  volume  of -10.6  ml/min.  At  2:30pm  measured 
residual  on  finished  water,  it  read  well  over  5  ppm.  Before  leaving  site  1  turned  down  metering  pump  to  1 00  %  and 
30  gpm  for  an  injection  volume  of -5.9  ml/min.  APT  had  me  conduct  a  nitrate  analyzer  test  between  1:15  pm-2  pm 
all  while  shutting  off  feed.  This  was  done  prior  to  taking  daily  data.  This  caused  us  to  not  be  able  to  take  any 
further  data.  Took  weekly  samples  for  permit  compliance.  Covered  sod.  hypo  tank  w/  black  bags.  Covered  online 
turbidimeter  and  R2  orp  probe  with  black  trash  bags. 

6/20/1 1 

53 

NA 

NA 

Sparge  at  4  am.  Rialto  R2  water  flow  LO-LO  alarm  at  5:05.  R2  restarted  at  8:48am.  N  analyzer  calibration 

6/21/11 

54 

NA 

NA 

Scatter  data  because  the  N  analyzer  is  taking  more  than  15  minutes  (  >35  min)  to  stabilize  to  a  new  number  after 
stream  switching  from  R1  to  R2. 

6/22/1 1 

55 

NA 

NA 

Ryan  working  on  system  during  the  day  (check  his  email  on  06/23/1 1  for  more  details).  Data  missing  from  21:12 
(06/22)  to  14:11  (06/23). 

6/23/1 1 

56 

NA 

NA 

OIT  connection  problem  fixed  at  14: 1 1. 

6/26/1 1 

59 

NA 

NA 

Sparge  at  16:00. 
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6/27/1 1 

60 

CA 

MBfRl 

At  07:30  measured  chlorine  residual  at  the  filter  effluent  as  7.5  ppm,  chlorine  residual  for  the  product  water  was  6.0 
ppm.  Added  1 5  gallons  of  water  from  he  filter  effluent  to  the  sodium  hypo  tank,  no  hypochlorite  was  added.  Since 
the  residual  was  so  high,  it  was  decided  that  the  tank  could  be  diluted  further.  Collected  field  samples  at  08:00.  pH 
and  ORP  probes  were  calibrated  and  tested  against  the  standards.  Shipment  of  hypochlorite  was  received  at  09:45, 
contained  4  drums  of  15  gallon  containers.  Nitrate  and  nitrite  field  samples  were  collected  and  run  in  parallel  with 
nitrate  and  nitrite  standards.  Nitrate  and  nitrite  standards  were  initially  10.0  mg/L  and  were  diluted  1:5  using  DI 
water  to  read  in  range  of  the  nitrate+nitrite  test  kit.  The  concentration  read  for  the  diluted  standard  was  2  mg/L,  the 
reading  for  the  standard  sample  was  therefore  10  mg/L.  DI  water  read  0  mg/L.  At  10:35  the  Chemetrics  phosphate 
test  kit  was  received.  The  phosphate  tank  solution  was  diluted  1:10  three  times.  The  1:1,000,  1:10,000,  and 

1 : 100,000  was  diluted  again  at  1 :2.  The  expected  phosphate  concentrations  for  those  dilutions  were  35.8,  3.58,  and 
0.36  mg/L-P04;  the  test  kit  readings  were  >10,  5,  and  1.5  mg/L-P04.  Samples  were  also  collected  from  the  lead 
influent  (after  phosphate  addition),  lead  effluent,  and  lag  effluent.  The  readings  were  3.5,  3.5,  and  1.5  mg/L-P04, 
which  are  equivalent  to  1.14,  1.14,  and  0.49  mg/L-P.  A  sample  was  collected  from  the  lead  influent  at  12:00  and 
sent  to  Test  America  for  analysis;  the  concentration  was  1.2  mg/L.  CDM  contacted  APT  and  learned  that  a  higher 
concentration  of  Phosphate  was  added  to  the  tank  last  Wednesday  by  Ryan.  He  added  900  ml  in  5  gallons,  for  a 
final  estimated  concentration  of  1.03  mg/L-P.  During  the  conference  call,  it  was  decided  to  continue  feeding  the 
phosphate  tank  with  a  similar  concentration  of  phosphate.  Added  570  ml  phosphate  and  3  gallons  to  the  tank.  A 
leak  is  present  between  the  GAC  vessels,  and  only  occurs  when  the  sump  is  running.  The  leak  was  not  observed  the 
previous  two  times  CDM  was  on  site,  but  was  observed  on  6/15.  Placed  a  bucket  under  the  quick  connect  fitting 
where  the  leak  is  coming  from.  Only  a  small  amount  of  water  is  leaking  (drops  at  a  time).  APT  informed  CDM  that 
the  hydrogen  generator  was  shut  off  on  Thursday,  Hydrogen  cylinders  need  to  be  re-ordered.  Clyde  will  order  more 
when  back  in  the  office.  Hach  turbidity  meter  was  calibrated  using  the  amCO  standards  after  measuring  turbidity  in 
samples. 

6/27/1 1 

60 

NA 

NA 

Richard  cleaned  and  removed  the  Nitrate  analyzer  and  restarted  the  H2  generator.  We  ran  out  of  H2  from  the 
cylinders  between  14:55  and  16:35. 

6/29/1 1 

62 

NA 

NA 

Richard  replaced  and  calibrated  N  analyzer. 

6/30/1 1 

63 

NA 

NA 

Feed  increased  to  14  gpm  at  12:17.  Sparge  at  16:00. 

7/1/11 

64 

CA 

- 

Feed  flow  was  at  14  gpm.  Added  500  ml  of  12.5%  phosphate  and  2  gallons  of  influent  water  to  phosphate  feed 
tank.  The  flow  rate  on  the  side  reactors  was  reduced  from  3  to  2.5  gpm. 

7/1/11 

64 

NA 

NA 

Feed  increased  from  14  to  16  gpm  at  13:55. 

7/2/1 1 

65 

NA 

NA 

Reactors  swapped  positions  at  12  am  this  morning.  R1  is  currently  the  lead  reactor. 

C-9 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

7/3/1 1 

66 

NA 

NA 

Sparge  at  21 :53  (Sparge  process  interval  changed  from  96hr  to  24hr  interval).  After  sparge,  we  got  the  Rialto  R1 
High  Level  and  Rialto  R2  High  Level  alann  at  23: 13  and  system  shut  down  which  led  to  hydrogen  generator 
shutting  down  and  therefore  we  are  running  on  H2  cylinders. 

7/4/11 

67 

NA 

NA 

David  restarted  the  system  at  8am.  Sparge  at  21:00. 

7/5/1 1 

68 

CA 

MBfRl 

Nitrate  standard  was  tested.  Solution  required  a  1 : 10  dilution  to  be  perfonned  3  times,  to  a  concentration  of  0.25. 
Results  showed  0.25  on  colorimeter.  Lab  samples  will  include  monthly  samples  per  line  item  24.  APT  instructed 
CDM  to  open  media  filter  flow  valve  to  increase  flow  from  13  gpm  to  15  gpm.  CDM  also  restarted  hydrogen 
generator  at  10:30.  The  hydrogen  generator  had  shut  off  on  Monday.  Chlorine  and  phosphate  tanks  have  been 
refilled.  CDM  added  additional  clamp  between  GAC  vessels  to  help  stop  the  small  leak  there.  No  leak  appears  to  be 
forming.  The  large  C02  tank  has  low  pressure  (TO  psi).  System  currently  running  on  small  cylinder. 

7/5/1 1 

68 

NA 

NA 

R2  H2  P  increased  from  1 8  to  2 1  psig  at  16:15.  Regular  Sparge  was  initiated  at  2 1 :00.  Feed  pump  tripped  after  the 
sparge  process;  therefore,  there  was  no  feed  flow  to  the  system. 

7/6/1 1 

69 

NA 

NA 

Reactors  swapped  positions  at  12am  (R2  is  lead).  Richard  worked  on  system:  He  restarted  the  system  (he  got  the 
feed  pump  working  again),  calibrated  the  pH  and  ORP  probes,  and  calibrated  the  Nitrate  Analyzer.  Regular  Sparge 
initiated  at  21:00. 

7/7/1 1 

70 

CA 

- 

CDM  onsite  to  fill  phosphate  tank  with  2.3  gallons  of  influent  water  only.  Check  chlorine  residual  in  media  filter 
effluent  (2.0  ppm)  and  in  the  product  tank  (<1.0  ppm,  but  did  show  a  faint  pink  color).  Also  swapped  gauges  on 
GAC  and  IX  systems.  GAC  gauge  range  is  now  0-60  psi  and  IX  ranges  from  0-15  psi. 

7/7/1 1 

70 

NA 

NA 

At  15:15,  R2  H2  P  was  increased  from  21  to  24  psig.  Regular  Sparge  at  21 :00. 

7/8/1 1 

71 

NA 

NA 

We  initiated  the  sparge  process  to  measure  the  Nitrogen  consumption  before  and  after  the  new  regulator  was 
installed:  lscfm/module  (old  regulator),  12  scfm/module  (new  regulator).  Richard  had  to  replace  the  feed  flow 
meter  with  the  flow  meter  on  the  media  filter.  The  media  filter  will  be  shut  down  over  the  weekend. 

7/10/11 

73 

NA 

NA 

Reactors  swapped  position  at  12  am  (Rl  is  lead).  R1  H2  P  was  increased  from  12  to  14  psig  at  about  21:30. 

7/11/11 

74 

CA 

MBfRl 

APT  had  informed  CDM  that  media  filters  are  not  operating  and  water  from  aeration  tank  is  bypassed  to  sump.  No 
samples  will  be  collected  for  the  media  filter  or  product  tank.  Cameron  weld  had  been  notified  of  low  C02  levels; 
they  will  be  onsite  7/12  for  replacement.  APT  had  instructed  CDM  to  take  the  pH  and  ORP  readings  at  the  reactor's 
overflow.  Sample  results  summarized  as:  Rl  overflow  -  pH:  7.64,  ORP:  -220,  temperature:  20.2;  R2  overflow  -  pH: 
7.56,  ORP:  -420,  temperature:  20.4.  CDM  changed  bag  filters  for  GAC/1X  system  since  it  was  reading  a  10  psi 
differential  pressure. 

7/11/11 

74 

NA 

NA 

Accidental  Rialto  High  Sump  Level  alann  at  10:24.  System  was  restarted  at  10:48.  Regular  sparge  initiated  at 

15:45.  Feed  flow  increased  from  16  to  18  gpm  at  22:38. 

7/13/11 

76 

NA 

NA 

Regular  sparge  at  15:00. 

C-10 


Date 

Day 

Operator 

7/14/11 

77 

NA 

7/16/11 

79 

NA 

7/17/11 

80 

NA 

7/18/11 

81 

DB 

7/19/11 

82 

NA 

7/20/1 1 

83 

NA 

7/21/11 

84 

NA 

7/22/1 1 

85 

NA 

7/24/1 1 

87 

NA 

Lead 

Reactor 


Reactors  swapped  position  at  12  am  (R2  is  the  lead).  Ryan  and  Renato  worked  on  system:  we  connected  C02 
dewar  and  new  C02  cylinder  to  system,  replaced  N  analyzer  and  calibrated  it,  changed  clear  tubing  for  black  tubing 
going  to  lab  reactors,  installed  filter  flow  meter  (we  realized  filter  inlet  pressure  transmitter  was  not  working, 
therefore,  we  set  zero  flow  through  filter),  clean  and  calibrated  pH/ORP  probes,  ran  sparge  process  at  21 :00,  and 
added  line  to  allow  more  flow  through  pH/ORP  probes  bypassing  lab  reactors.  Sparge  process  Interval  set  to  48  hr. 


Regular  sparge  initiated  at  21:00.  At  23:00  we  got  a  Rialto  High  Sump  Level  alann. 


Rialto  High  Sump  Level  alann  came  at  1:00,  1:52,  and  9:27.  Feed  Flow  was  decreased  to  16  gpm,  14  gpm  (Rl  H2 
P  from  14  to  11  psig  and  R2  H2  P  from  24  to  20  psig)  and  10  gpm  (Rl  H2  P  from  1 1  to  9  psig  and  R2  H2  P  from 
20  to  12  psig)  at  8:45,  14:46,  and  22:48  respectively.  Hydrogen  pressure  decreased  to  prevent  overreducction. 


Flow  rate  read  10  gpm  upon  arrival.  APT  lowered  feed  rate  on  7/17/1 1  due  to  high  sump  level  alarm.  Bag  filter  was 
full  of  slimy  biomass  and  preventing  adequate  flow.  This  caused  the  sump  to  back  up.  CDM  changed  out  the  bag 
filter  and  set  the  valve  configuration  to  run  in  parallel.  Did  not  collect  daily  field  sampling  or  weekly  lab  sampling. 
Sampled  for  weekly  pennit  compliance  in  addition  the  VOCs  on  GAC-1  for  backup  data.  Sampled  MBfR  backwash 
water  for  TSS,  for  a  total  of  4  composite  backwash  samples.  The  target  flow  rate  was  set  to  18  gpm.  Briefly  stopped 
influent  feed  pump  to  repair-tighten  a  slow  lead  on  the  pump  discharge  plumbing.  Added  500  ml  of  phosphoric  acid 
and  2.7  gallons  of  feed  water.  Phosphate  was  read  using  the  field  test  kit  from  the  influent  strainer  (post  injection) 
as  5  ppm-P04  prior  to  addition  of  phosphoric  acid.  A  second  reading  was  taken  30  minutes  after  adding  phosphate 
and  the  reading  was  5  ppm-P04. 

Feed  flow  was  increased  to  18gpm  at  8:36.  Rl  H2  P  was  increased  from  9  to  14  psig  and  R2  H2  P  from  12  to  24 
psig  at  10:05.  Daniel  initiated  sparge  process  at  12:05. 


18:45  -  Turned  up  H2  on  the  Lead,  Rl  from  14  to  16  psig. 


At  9:5 1  we  got  a  Stage  2  Pump  Fail  alann.  Rialto  R2  Water  Flow  LO-LO  alarm  at  10:1 6.  R2  was  down  until  1 7:52. 
Sparge  Process  initiated  at  21:00. 


Rl  H2  P  was  increased  from  16  to  20  psig  at  9:20.  Feed  was  increased  from  18  to  20  gpm  at  13:04. 


Reactor  swapped  position  at  12:00am  (R2  is  lead).  Richard  and  Renato  worked  on  system.  Regular  Sparge  Process 
at  21:21. 


R2  H2  P  was  increased  from  24  to  28  psig  at  20:10.  Regular  Sparge  Process  at  21:00,  however,  Rl  NOx  wouldn't 
go  below  0.6  because  no  flow  from  Rl  (Lag  Reactor)  was  going  to  the  N  analyzer  and  therefore  Sparge  process 
never  ended. 


C-ll 


Day  Operator 


Lead 

Reactor 


7/30/1 1 


Influent  flow  to  MBfR  reactors  was  0.0  gpm  upon  arrival  at  the  site.  The  recirculation  pumps  were  operating  at  210 
gpm.  CDM  contacted  ATP  to  determine  cause.  APT  instructed  CDM  to  hold  off  on  water  sampling  until  the 
afternoon.  CDM  called  Test  America  to  change  pick  up  time.  Inspected  the  phosphate  tank  and  discovered  the  tank 
was  empty.  Upon  filling  the  tank,  there  was  a  leak  at  the  fitting  that  connects  the  tank  to  the  pump  intake  line.  CDM 
removed  tubing  and  repaired  the  leak,  then  primed  the  pump  and  restarted  the  phosphate  injection  pump.  CDM 
changed  both  bag  filters,  100/50  in  one  and  200/100  in  the  other,  and  placed  them  both  online  in  parallel 
configuration.  The  differential  pressure  prior  to  change  out  was  12  psi,  after  change  out  it  was  3  psi.  APT 
confirmed  that  the  MBfR  configuration  changed  to  MBfR  2  in  the  lead.  Samples  were  collected  from  SP-100A  and 
SP-200B.  APT  informed  CDM  that  sampling  SP-100B  and  SP-200A  will  require  shutting  nitrate  analyzer  feed 
before  opening  the  sample  port.  This  will  prevent  draining  the  analyzer.  APT  instructed  CDM  on  how  to  remove  air- 
pockets  from  the  lines  if  this  occurs.  CDM  needs  to  also  check  the  nitrate  analyzer  discharge  at  the  aeration  tank  for 
steady  flow.  APT  installed  a  new  nitrate  analyzer,  and  CDM  was  not  able  to  locate  the  frequency  for  the  analyzer 
on  the  HMI  display. 

At  09:19  we  got  system  running  at  20gpm  again. 


Reactors  swapped  positions  at  12am  (Rl  is  lead).  No  constant  flow  through  N  analyzer  during  the  day  because  there 
is  low  pressure  (purely  hydrostatic  pressure  exerted  by  the  height  of  the  water  in  the  tanks)  at  new  sample  locations 
going  to  the  N  analyzer  installed  on  7/22/1 1  .  Regular  Sparge  was  initiated  at  21 :00. 


Rl  (LEAD)  Sample  Valve  was  positioned  in  "hand"  at  10:34.  We  sparged  Nitrogen  in  Feed  Tank  from  13: 15-17: 1 1 
and  NOx  in  Rl  dropped  significantly.  Manual  Sparge  was  initiated  at  23:00. 


CDM  on  site  to  refill  phosphate  feed  tank.  Checked  chemical  levels.  APT  on  site  and  system  is  off.  APT  is  upsizing 
MBfR  effluent  from  2"  to  3"  and  is  adding  a  valve.  CDM  determined  phosphate  feed  pump  has  lost  prime  during 
the  week  and  was  not  operating  correctly.  Current  level  of  tank  is  4.25  gallons.  Cameron  Welding  was  on  site  to 
refill  N2  tank.  Work  order  will  be  scanned  and  sent  out  to  Jen.  Sodium-Hypo  tank  was  not  refilled  due  to  system 
not  in  operation. 

Richard  worked  on  system,  he  did  the  following:  1)  He  changed  the  overflow  line  from  2"  to  3"  to  get  higher  feed 
flow  capability.  2)  He  rerouted  samples  lines  so  it  wouldn’t  vapor  lock.  We  started  another  Feed  Tank  N2  Sparge 
experiment  at  16:00  (N2  flow  =3cf/min)  to  remove  the  dissolved  oxygen  (DO)  in  the  feed.  Filter  flow  increased 
from  15  to  18  gpm  at  22:00. 


Reactors  swapped  position  at  12  am  (R2  is  lead).  Regular  sparge  process  at  21:00. 


C-12 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

8/1/11 

95 

CA 

MBfR2 

Observed  icing  on  nitrogen  tank.  Contacted  Cameron  Welding  -  they  will  be  on  site  today  to  check  N2  tank  and 
replace  C02  Dewar.  Phosphate  injection  tank  feed  line  requires  replacement.  Phosphate  not  injecting  at  this  point. 
APT  has  instructed  CDM  to  increase  pressure  for  C02  feed  by  adjusting  regulator.  Feed  pressure  for  C02  is  now  at 
60-65  psi.  Cameron  Welding  delivered  C02  cylinder  and  will  bring  the  Dewar  tomorrow.  Cameron  Welding 
instructed  CDM  to  de-ice  N2  tank  and  feed  line.  Pressure  builder  valve  has  been  opened  to  increase  pressure  in  the 
nitrogen.  CDM  to  confirm  in  few  hours  if  pressure  has  gone  up.  Current  N  tank  pressure  is  105.  Pressure  did  not 
increase  as  of  5:00  pm  and  remains  at  105  psi. 

We  ran  out  of  C02  around  4  am.  C02  flow  was  restarted  at  10: 12. 

8/2/1 1 

96 

CA 

MBfR2 

CDM  made  site  visit  to  close  nitrogen  sparge  valve  on  product  tank.  Cameron  welding  refilled  nitrogen  tank  and 
delivered  C02  Dewar.  CDM  requested  to  perform  a  backwash  on  the  media  filters.  APT  instructed  CDM  to  empty 
reject  tank.  In  order  to  drain  tank  completely,  the  floats  in  the  sump  tank  had  to  be  manually  tripped.  This  allowed 
the  sump  tank  to  drain  enough  so  the  reject  tank  float  valve  would  drop  enough  to  allow  flow  from  the  reject  tank. 
CDM  informed  APT  about  lowering  the  level  of  the  float  switch  so  this  will  not  occur  at  the  next  backwash.  APT 
conducted  the  backwash  and  CDM  collected  a  composite  sample  from  TSS. 

Feed  tank  N2  sparge  was  turned  off  at  1 1:30.  We  got  a  Rialto  High  Sump  Level  at  13:08  by  accident.  Filter 
Backwash  was  initiated  by  Clyde  from  14:48-15: 10.  Feed  flow  was  decreased  from  22  gpm  to  20  gpm  at  16:48. 

8/3/1 1 

97 

NA 

NA 

Reactors  swapped  positions  at  12:00  am  (Rl  is  the  lead).  Regular  Sparge  Process  at  21:00. 

8/4/1 1 

98 

NA 

NA 

Richard  worked  on  system.  He  did  the  following:  1)  Installed  new  feed  control  valve.  2)  Cleaned  sump  pump.  3) 
Calibrated  H2  sensors  on  H2  generator  and  MBfR  skid.  4)  Changed  air  filter  on  H2  generator.  5)  Calibrated  pH 
probes. 

8/5/1 1 

99 

CA 

CDM  on  site  to  top  off  phosphate  feed  tank. 

Batch  reaction  experiment  in  lead  reactor  from  17:08  -  18:16. 

8/6/11 

100 

NA 

NA 

Regular  sparge  was  initiated  at  12:00. 

8/7/11 

101 

NA 

NA 

Reactors  swapped  positions  at  12:00am  (R2  is  the  lead). 

8/8/1 1 

102 

CA 

MBfR2 

Chlorinator  feed  pump  has  minor  leak  at  discharge  connection.  It  has  been  repaired.  The  post  finish  water  system 
has  a  larger  discharge  pressure  (19-20  psi).  A  larger  differential  pressure  across  the  system  is  recorded.  CDM  and 
APT  have  coordinated  a  sparge  at  12:00  pm.  CDM  has  taken  TSS  samples  throughout  the  sparge  process. 

Regular  sparge  was  initiated  at  12:00  pm  (Clyde  collected  samples  from  Sparge  process  for  TSS  and  turbidity 
analysis). 

8/10/11 

104 

NA 

NA 

Regular  sparge  was  initiated  at  12:00. 

C-13 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

8/11/11 

105 

DB 

MBfRl 

CDM  onsite  to  perfonn  conductivity  tracer  test  on  lag  reactor  (R2).  Mixed  14  pounds  of  Mortons  salt  with  1.7 
gallons  of  DI  water  in  carboy.  The  salt  never  fully  dissolved.  Carboy  sat  in  the  sun  for  3  hours  while  occasionally 
stirring  but  solution  never  dissolved.  It  was  determined  the  solution  was  above  the  saturation  limit  of  salt  in  water. 
CDM  abandoned  experiment  and  updated  mixing  calculations  for  run  tracer  experiment  later.  Conductivity  of  DI 
water  was  2.25  pS/cm,  baseline  conductivity  on  lag  reactor  was  392  pS/cm. 

Reactors  swapped  positions  at  12:00am  (Rl  is  the  lead).  Rialto  Secondary  Containment  Level  High  alann  at  19:26 
caused  by  a  barb  hose  fitting  popping  loose. 

8/12/11 

106 

NA 

NA 

Richard  and  Rich  working  on  the  system,  they  did  the  following:  1)  Repaired  the  leak  2)  Measured  NOx  at  different 
spots  in  the  tanks  3)  calibrated  pH  probes.  System  was  restarted  ~9:30.  Manual  sparge  was  initiated  at  14:43.  Feed 
flow  was  decreased  from  20  to  18  gpm  at  16:34  to  make  sure  we  are  removing  all  the  Perchlorate. 

8/14/11 

108 

NA 

NA 

Regular  sparge  was  initiated  at  14:00. 

8/15/11 

109 

CA 

MBfR2 

Conducted  tracer  test  using  1 .7  gallons  of  DI  water  and  4  pounds  1 12  ounces  of  salt.  Placed  mixture  in  carboy  and 
placed  outside  in  the  sun  to  increase  speed  of  dissolving;  mixed  and  stirred  vigorously  as  well.  Tracer  test  initiated 
at  12:00  pm.  Baseline  readings  were  approximately  400  pS/cm.  Concentration  was  1548  pS/cm  after  first  15 
minutes,  subsequent  readings  tailed  off  fairly  quickly  (within  1.5  hours).  The  C02  Dewar  is  empty.  CDM  contacted 
Cameron  for  refill.  DP  gauge  is  assumed  to  be  malfunctioning  due  to  air  in  the  tubing  caused  by  cycling  of  the 
sump  pump.  CDM  and  APT  to  investigate. 

Reactors  swapped  positions  at  12:00am  (R2  is  the  lead).  We  tuned  the  feed  flow  PID  controller  to  get  rid  of  noise  in 
feed  flow. 

8/16/11 

110 

NA 

NA 

Regular  sparge  was  initiated  at  14:00. 

8/17/11 

111 

CA 

MBfR2 

Cameron  Welding  onsite  to  replaced  C02  Dewar  and  cylinders.  Upon  reinstall  of  the  C02  Dewar,  the  pressure 
regulator  read  0  psi,  but  it  is  full.  Adjusted  the  knob  on  the  regulator  but  the  reading  was  not  affected.  The  regulator 
may  need  replacement.  Level  on  tank  reads  full.  The  C02  pressure  to  the  system  is  88  psi. 

8/18/11 

112 

NA 

NA 

Regular  sparge  was  initiated  at  14:00.  Rich  worked  on  system:  He  did  the  following:  1)  Harvested  2  sample  reactors 
(one  from  each  side)  and  shipped  them  in  a  cooler  overnight  to  ASU.  2)  Calibrated  pH  probes. 

C-14 


Date 

Day 

Operator 

Lead 
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Notes 

8/19/11 

113 

DB 

MBfRl 

Calgon  on  site  at  8:45  am  to  pick  up  disposorbs  and  spend  GAC/IX  in  supersacks.  APT  on  site  to  perform 
maintenance  duties  on  the  system.  CDM  did  not  replace  bag  filters  since  we  agreed  to  wait  until  the  sump  pumping 
frequency  increases.  Perfonned  a  backwash  on  the  media  filter.  A  composite  sample  was  collected  and  sent  for  TSS 
analysis.  The  composite  turbidity  was  48.0  NTU  and  the  purge  turbidity  was  0.6  NTU.  Sampled  from  the  product 
tank  (finished  water)  for  threshold  odor  number,  HAAs,  and  THMs.  Optimization  started  today.  The  phosphate 
reading  at  the  strainer  was  2.0  ppm. 

Reactors  swapped  positions  at  12:00am  (R1  is  the  lead).  Rich  worked  on  the  system.  He  did  the  following:  1) 
Calibrated  ORP  probes. 

Daniel  initiated  manual  filter  backwash  at  12:40  to  collect  samples  for  TSS  analysis.  The  operating  conditions  were 
changed  to  the  following:  Feed  flow  =  15gpm,  R1&R2  recirc  =  280  gpm,  R1  H2  P  from  20  to  17  and  R2  H2  P  from 
28  to  25  psig  to  keep  the  H2  Suppy:H2  demand  ratio  constant. 

8/20/1 1 

114 

NA 

NA 

Regular  sparge  was  initiated  at  14:00. 

8/21/11 

115 

NA 

NA 

We  got  the  Rialto  High  Sump  Level  alarm  at  10:40.  The  leak  came  from  one  of  our  sample  reactors  on  the  Reactor 

2  side  due  to  a  hose  feeding  popping  off  its  hose  barb.  The  containment  area  got  completely  full  because  the 
Secondary  Containment  Level  High  alann  was  disabled  (presumably  it  was  left  disabled  the  time  we  had  the  leak 
on  August  11-12)  in  order  to  run  the  system  while  the  earlier-contained  water  was  to  be  evaporated. 

8/22/1 1 

116 

CB 

NA 

System  offline  due  to  leak.  Containment  area  was  completely  full  with  many  pumps  and  other  equipment  partially 
underwater.  Area  around  the  containment  area  was  saturated  due  to  either  overflow  or  a  leak  in  the  containment 
walls.  The  well  was  in  the  “AUTO”  position  (normally  in  AUTO),  but  was  not  operating  because  the  “hi  level” 
alann  indicator  was  illuminated,  most  likely  triggered  by  the  secondary  containment  high  level  alann.  The  feed  tank 
and  product  tanks  were  full.  The  Aeration  tank  was  90%  full,  the  sump  was  75%  full,  the  reject  tank  was  10-25% 
full,  and  the  two  MBfR  reactors  were  75%  full.  The  IX  and  GAC  containment  was  empty.  There  were  no  obvious 
leaks  when  the  system  was  off.  The  valves  and  sample  ports  were  in  their  nonnal  position.  The  leaves  in  the  tanks 
were  steady.  A  water  sample  was  collected  from  the  secondary  containment  for  perchlorate  analysis.  The  area  of 
soil  saturated  on  the  outside  of  the  containment  area  was  delineated  using  spray  paint,  and  photos  were  collected. 
Rich  used  pump  to  remove  water  from  the  containment. 

8/23/1 1 

117 

NA 

NA 

Richard  and  Rich  checked  pumps  and  other  equipment  for  water  damage  (sump  pump  was  damaged).  Added  a  total 
of  72  clamps  to  secure  hoses  onto  barb. 
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Date 

Day 

Operator 

Lead 

Reactor 

Notes 

8/24/11 

118 

NA 

NA 

Prior  to  restart,  Rich  did  the  following:  1)  Installed  a  replacement  sump  pump.  2)  Modified  both  of  CDM's  level 
switches  to  trigger  at  a  lower  level  (main  containment  area  and  conex  trailer).  3)  Added  an  additional,  redundant 
level  switch  into  APT's  circuit  that  will  shutdown  the  skid.  And  Ryan  loaded  a  modified  program  so  that  if  any 
shutdown  alarm  is  disabled,  it  will  send  an  email  after  1  hour  to  remind  us  that  it  is  disabled.  If  that  alann  is  not 
acknowledged  within  1  hr,  then  the  shutdown  alanns  will  automatically  be  re-enable.  System  was  restarted  around 
16:00. 

8/26/1 1 

120 

DB 

MBfR2 

Collected  weekly  and  monthly  samples  for  pennit  compliance  at  13:00.  APT  was  onsite  and  finished  cleaning  up 
the  site  from  the  leak.  The  aeration  tank  compressor  was  not  pumping  as  much  air  (SCFM)  as  was  typical.  APT 
inspected  the  compressor  and  removed  a  clog  in  the  line.  APT  confirmed  that  the  compressor  was  under  water 
during  the  overflow  incident.  Lower  DO  values  were  seen  across  the  media  filter  and  finished  water.  The 
compressor  readings  were  back  to  2. 1  psi  and  3. 1  SCFM  after  the  block  was  removed.  Turbidity  was  higher  on  the 
finished  water  compared  to  the  filter  effluent.  A  duplicate  finished  water  sample  was  collected  and  the  turbidity 
results  were  similar.  The  phosphate  tank  level  did  not  change  throughout  the  day  because  the  pump  was  off.  The 
reset  button  on  the  GFCI  outlet  was  not  punctuated.  Pump  started  upon  resetting  the  outlet.  CDM  primed  the  pump 
and  verified  flow. 

We  got  a  power  outage  between  16: 19-16:35.  Regular  sparge  process  was  initiated  at  20:00. 

8/28/1 1 

122 

NA 

NA 

Regular  sparge  process  was  initiated  at  20:00.  We  got  the  Rialto  LEL  Detector  alann  at  23:21  which  shut  down  the 
system. 

8/29/1 1 

123 

DB 

NA 

System  offline  due  to  hydrogen  LEL  sensor  being  triggered  at  approximately  10  pm  on  8/28.  CDM  notified  APT 
immediately  and  then  restarted  the  MBfR.  The  LEL  2  sensor  was  reading  5  to  6  %  so  the  lines  were  checked  for 
leaks  by  using  soapy  water.  CDM  located  and  tightened  4  leaks  on  the  sample  reactor  hydrogen  connections.  The 
LEL  sensor  primarily  displayed  0  %  but  periodically  jumped  back  to  5-6  %.  APT  to  anive  on  site  in  the  afternoon 
to  investigate  further.  No  samples  were  collected  due  to  system  being  offline.  On  8/27  the  hydrogen  generator  was 
down  for  a  period  in  the  morning,  and  was  manually  restarted  by  APT. 

Daniel  restarted  the  system  at  9:00.  Rich  onsite  to  calibrate  LEL  sensors  and  to  bubble-check  all  H2  fittings  for 
external  leaks  (Daniel  has  started  this  and  found  a  couple  leaks  on  fittings  on  the  Sample  reactors).  Rialto  LEL 
detector  alann  at  23: 13. 

8/30/1 1 

124 

NA 

NA 

APT  started  system  at  8:34.  We  dropped  the  R2  H2  pressure  from  25  to  21  psi  to  match  the  previous  ratio  (the  ratio 
that  we  want).  We  noticed  that  R2  (lag)  has  some  exposed  fiber  now  that  we  are  running  at  a  lower  feed  flow  rate. 
This  is  a  consequence  of  lowering  the  overflow  line  to  accommodate  the  higher  flows  (~23  gpm).  We  throttled  the 
3"  valve  on  the  overflow  line  in  order  to  bring  the  level  over  the  fibers.  These  exposed  fibers  could  be  contributing 
to  our  higher  H2  flows  in  the  Lag  reactor  and  the  LEL  detector  tripping. 

Filter  backwash  was  initiated  by  Rich  at  1 1:44.  Regular  sparge  at  20:00. 

C-16 


Lead 

Reactor 


Sodium  hypochlorite  pump  was  off  in  the  morning.  CDM  plugged  it  back  in.  APT  has  explained  that  a  leak  was 
detected  at  the  sodium  hypochlorite  injection  point  and  was  closed  yesterday  before  he  left.  Kamron  (RWQCB)  on 
site  at  10:00.  CDM  gave  him  a  tour  and  walked  through  the  process.  Kamron  took  photos  of  the  system.  Rich  was 
on  site  to  test  and  install  the  filter  aid  pump.  Rich  started  the  filter  aid  pump  at  1:55  pm,  dosing  rate  is  3  ml/min  at 
0.5  mg/L  and  a  feed  concentration  of  0. 1  %.  CDM  and  APT  tested  the  new  level  that  the  secondary  containment 
switch  float  is  triggered.  CDM  determined  the  rope  on  the  float  switch  will  not  engage  when  inverted  due  to  the 
size  of  the  float  (3"  round  cylinder).  The  rope  must  be  lengthened  for  it  to  be  engaged.  CDM/APT  has  lengthened 
the  rope  and  lowered  the  pivot/connection  point.  Float  now  engages  at  approx  7  to  8  inches  of  standing  water.  APT 
will  install  another  level  switch  that  will  engage  at  4  to  5  inches. 

Reactors  swapped  positions  at  midnight  (R2  is  in  the  lead).  Richard  calibrated  pH  and  ORP  probes.  We  got  the 
Rialto  Secondary  Containment  Level  High  alarm  at  12:58  by  accident  because  the  well  pump  was  left  in  hand. 
Water  was  removed  and  system  was  restarted  at  13:22.  Initiated  manual  sparge  at  16:35. 


APT  onsite  to  refill  filter  aid  and  adjust  pump  settings.  CDM  performed  backwash  on  MBfR  and  took  turbidity 
measurements.  Test  America  did  not  organize  a  courier  pick-up  today.  They  will  send  someone  from  the  lab  to  pick 
up  at  the  CDM  Rancho  Office  later  today  or  Tuesday  morning. 

Rich  tripled  the  filter  aid  concentration  addition  as  compared  to  the  original  value  (cone. =3  g/L,  flow  rate=3 
ml/min)  around  1 1:30.  Manual  sparge  was  initiated  at  12:28. 


Reactors  swapped  positions  at  12  am  (R1  is  the  lead).  Regular  sparge  at  13:00. 


Decreased  R1  H2  pressure  from  17  to  15  psig  at  1 1:48  to  keep  same  H2  ratio;  on  Sep  4  reactors  swapped  positions 
and  R1  (lead)  and  H2  ratio  went  from  1.2  to  1.4.  Rich  initiated  backwash  at  12:55.  Regular  sparge  at  15:00. 


Richard  and  Rich  (APT)  onsite  to  check  performance  of  the  coagulant  pump.  Media  filter  has  a  differential  pressure 
of  4.5  psi  (normally  2  -  2.5  psi).  APT  requested  that  the  C02  Dewar  delivery  pressure  be  lowered  to  75  psi  from 
105  psi;  CDM  changed  it  to  75  psi.  APT  off  site  at  1 1:30.  At  13:50  APT  instructed  CDM  to  lower  feed  flow  rate 
from  15  to  10  gpm.  This  was  the  first  day  of  new  test  conditions  with  the  influent  flow  at  10  gpm  and  the  MBfR 
recycle  flow  at  280  gpm.  CDM  adjusted  the  feed  flow  at  13:53  the  OIT  and  adjusted  the  overflow  valve  between 
the  MBfR  and  Aeration  tank.  CDM  also  reduced  the  media  filter  flow  rate  to  9.0  gpm  by  throttling  the  valve 
between  the  media  filter  and  product  tank. 

Richard  (APT)  changed  lines  to  nitrate  analyzer  from  1/4"  to  3/8".  Media  filter  feed  was  decreased  from  14  to  7 
gpm  at  1 5 :28.  R1  H2  P  was  decreased  from  15  to  12  psig  and  R2  H2  P  from  19  to  15  psig  at  15:40  to  adjust  the  H2 
supply/H2  demand  ratios  after  feed  to  MBfR  was  dropped.  Manual  sparge  was  initiated  at  16:00. 
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9/8/1 1 

133 

NA 

NA 

There  was  an  accidental  filter  backwash  at  9:40.  Rich  was  onsite,  he  did  the  following: 

1)  Measured  the  flow  of  the  Nitrate  analyzer  effluent  (Rl  =  144  ml/min,  R2=  208  ml/min,  feed=  5530  ml/min). 

2)  Cleaned  the  Nitrate  Analyzer  (we  will  do  this  in  a  weekly  basis). 

3)  Fixed  the  position  of  the  throttled  valve  in  the  media  filter. 

Increased  Rl  H2  P  from  12  to  13  psi  at  13:52  to  adjust  Rl  H2  supply/demand  ratio. 

Rich  and  Ryan  onsite:  Rich  increased  the  filter  aid  dosing  (conc.=  8  g/L,  flow  rate=3  ml/min)  around  19:00. 

Ryan  turned  the  bypass  flow  in  the  pH  loop  OFF. 

9/9/1 1 

134 

CA 

MBfR2 

CDM  onsite  at  8:00  to  install  sunshade  on  gas  pad.  APT  instructed  CDM  to  close  media  filter  valve  just  enough  to 
maintain  30  psi  when  backwashing.  APT  informed  CDM  not  to  perform  the  backwash  due  to  the  recent  backwash 
yesterday.  During  the  sparge  process,  the  H2  LEL  alarm  had  gone  on  and  was  at  37%  during  step  2,  for  the  lag 
sparge.  Aeration  tank  level  was  lower  and  CDM  noticed  white  film  inside  of  the  tank  and  collected  photos. 

CDM  collected  samples  (bypass  flow  OFF,  lab  reactors  flow  ON).  Clyde  manually  initiated  sparge  at  12:08  and 
collected  MBfR  sparge  samples.  Rich  changed  the  injection  point  of  the  filter  aid  to  the  pump  discharge  around 
16:00. 

9/11/11 

136 

NA 

NA 

Regular  sparge  at  12:00. 

9/12/11 

137 

CA 

MBfRl 

Reactors  swapped  positions  at  12  am  (Rl  is  the  lead).  Filter  backwash  was  initiated  at  04:20  because  dP  got  higher 
than  set  point  of  lOpsig.  CDM  noted  that  the  coagulant  pump  was  empty  when  arriving  to  site.  CDM  accidently 
engaged  the  secondary  containment  switch  when  trying  to  install  a  new  level  switch.  Replaced  old  level  switch;  will 
have  CC1  help  to  install.  The  system  was  shut-off;  CDM  restarted  the  system  shortly  thereafter.  CDM  changed  the 
chlorine  feed  to  40  strokes  per  minute  and  100%  stroke  length  for  an  approximate  flow  rate  of  7.5  ml/min  and  dose 
of  2.7  mg/L  of  chlorine.  A  light  yellow  ppt  was  accumulating  on  the  aeration  tank  and  smelled  of  hydrogen  sulfide. 
The  film  was  also  slimy.  The  H2S  smell  has  been  evident  for  about  a  week.  The  differential  pressure  has  been 
increasing  since  filter  aid  was  added,  backflushed  after  4  days  online.  APT  will  do  ajar  test  and  work  with  filter  aid 
contractor  to  understand  type  and  dosing  requirements. 

9/13/11 

138 

NA 

NA 

Rich  cleaned  mag  flow  meters,  cleaned  and  calibrated  on  pH  and  ORP  probes  between  16:35-17:03. 
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Lead 

Reactor 


9/17/11 


CCI  attempted  to  install  a  new  level  switch  for  secondary  containment  but  could  not  get  the  relays  to  work.  APT 
was  onsite  to  install  a  tarp  to  shade  the  sunny  side  (northern  end)  of  the  MBfRs.  Did  not  perfonn  a  backwash 
because  differential  pressure  on  filter  was  less  than  1  psi.  APT  tried  to  sparge  the  MBfR  reactors,  but  the  sparge  did 
not  complete  properly  because  lag  reactor  (R2)  wouldn't  pump  out.  APT  found  water  in  a  conduit  -  there  was  an 
open  circuit  on  the  neutral  return  leg  that  left  4  valves  non-functional  (stuck  in  their  last  position,  XV-205,6,7  and 
the  pullout  valve,  BV-2 10).  The  conduit  was  dried  by  sweeping  n2  for  an  hour  until  no  mist  was  coming  out  any 
more.  The  LSI  was  calculated  for  the  lag  reactor  effluent,  and  calcium  carbonate  scaling  was  likely  to  occur,  the 
yellow-ish  ppt  may  have  been  calcium  carbonate  and  some  sulfur  accumulation.  The  tarp  covering  the  chlorine  tank 
was  not  in  place,  which  could  lead  to  degradation  of  chlorine.  The  tarp  was  replaced.  Increased  sodium  hypo  pump 
settings  to  60  spm  and  1 00  %  stroke  length  from  40  spm  to  increase  the  dose.  Measured  chlorine  residual  directly 
after  media  filter  when  these  modifications  were  made,  reading  was  1 .2  mg/L.  CCI  still  on  site  when  CDM  left, 
troubleshooting  the  relays  for  the  secondary  containment  high  level  switch.  APT  doubled  the  filter  aid  dosing  (filter 
aid=16  g/L  at  6  ml/min)  at  12:30. 


CCI  on  site,  replaced  CDM's  level  switch  for  secondary  containment;  tested  that  it  functioned  properly.  APT 
increased  flow  to  1 8  gpm.  APT  onsite  to  inspect  and  troubleshoot  the  leak  at  the  bottom  of  reactors  problem  and  to 
finish  drying  the  conduit.  The  stock  solution  for  filter  aid  was  doubled  (32  g/L, 6  ml/min)  in  the  afternoon.  Nitrate 
analyzer  influent  and  effluent  lines  were  modified  (from  bottom  of  tanks  to  discharge  of  recycle  pumps)  and 
operating  conditions  (feed  =  10  ->  20gpm,  R1  H2  P  =13  ->  20,  R2  H2  P  =  15  ->  28psig)  were  changed  in 
preparation  for  batch  experiment. 


Reactors  swapped  positions  at  midnight  (R2  is  in  the  lead).  CDM  performed  batch  experiment.  Batch  test  consisted 
of  shutting  off  influent  to  MBfR  and  waiting  to  take  perchlorate  samples  based  on  monitoring  of  nitrate  levels  on 
OIT  screen.  This  was  conducted  for  R2  and  then  Rl.  The  o-rings  securing  the  modules  slipped  and  they  are  getting 
bypass.  APT  will  remove  the  modules  and  replace  the  o-ring  seal  with  a  threaded  seal  next  week.  APT  performed 
maintenance  tasks  and  met  with  visitors  interested  in  the  technology.  Flow  changed  to  5  gpm  after  field  activities 
were  complete.  Water  flowed  through  the  lag  reactor  but  the  recycle  and  H2  was  off  to  keep  the  reactor  from 
stagnating.  On  Sunday  APT  will  do  a  reactor  sparge  and  then  bypass  the  lag  reactor.  After  sampling  on  Monday 
they  will  return  to  flow  through  the  lag  reactor.  Sodium  hypochlorite  concentrations  were  lower  than  expected  in 
the  product  tank,  concentration  of  sodium  hypo  in  the  stock  tank  was  doubled.  Media  filter  backwash  at  13:57. 
Sparge  process  at  14:00.  After  batch  experiment,  we  started  running  on  one  reactor  (R2,  the  lead)  with  the 
following  conditions:  Feed  =  5  gpm,  R2  H  2P  =  lOpsig.  Filter  feed  =  4.5  gpm.  Filter  aid  (64  g/L,  3  ml/min). 


Increased  R2  H2  P  from  10  to  1 3psig  at  10:29. 
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9/18/11 

143 

NA 

NA 

Regular  sparge  at  14:00.  Made  effluent  of  lead  reactor  (R2)  go  straight  to  aeration  tank  and  R1  recirc  pump  was 
turned  off  around  19:20. 

9/19/11 

144 

DB 

MBfR2 

Only  R2  is  in  operation  today  (intentionally).  As  such,  samples  were  not  collected  from  the  lag  reactor.  The 
chlorine  pump  settings  were  accidently  left  at  60spm  on  9/16,  so  chlorine  residual  was  high  (>5)  at  the  product  tank 
-  the  ORP  was  733  mV.  The  settings  were  reduced  to  20  spm  and  100%  stoke  length  (4.3  ml/min);  residual  was  4 
ppm  3  hours  after  this  change  was  made.  A  sample  was  collected  of  the  backwash  water  on  Friday  9/16,  and  the 
differential  pressure  on  the  media  filter  was  9  psi  today.  This  was  likely  due  to  increasing  the  dose  of  filter  aid.  The 
turbidimeter  was  calibrated  on  Friday  9/16  but  was  not  compared  to  the  low  level  standards.  The  online 
turbidimeter  has  a  reading  of  0  after  backwashing  -  this  is  likely  an  artifact  of  the  operation  of  the  backwash  pump 
interfering  with  the  turbidity  measurement  rather  than  actual  changes  in  turbidity.  APT  is  still  planning  on  replacing 
the  reactor  o-rings  on  Wednesday. 

9/20/1 1 

145 

NA 

MBfRl 

Reactors  swapped  positions  at  12am  (Rl  is  the  lead).  Regular  sparge  at  14:00. 

9/21/11 

146 

NA 

NA 

System  was  shutdown  and  the  tanks  were  drained  at  12:22am  so  that  the  modules  can  partially  drip-dry  by  morning. 
APT  onsite  to  work  on  fixing  leak  at  the  bottom  of  modules.  System  was  restarted  at  18:58.  Sparge  process  was 
initiated  at  19:43.  Then  system  operating  at  the  following  conditions:  Feed  =  15  gpm,  Rl  recirc  =  210  gpm,  R2 
recirc  =  180gpm,  Rl  H2  P  =  10,  R2  H2  P=15psig,  Filter  feed  =  4.5gpm. 

9/22/1 1 

147 

NA 

NA 

APT  onsite  to  work  on  the  filter:  They  initiated  media  filter  backwash  to  see  how  much  flow  they  were  getting. 
Piping  on  the  filter  will  be  modified  to  get  correct  flow  when  it  backwashes.  Rl  H2  P  was  changed  from  10  to 

15psig  at  09:56.  Sparge  process  was  initiated  at  13:02.  Filter  feed  flow  set  point  changed  to  9gpm.  Sparge  interval 
was  set  to  6hr.  Regular  Sparge  process  at  18:07. 

9/23/1 1 

148 

NA 

NA 

Regular  Sparge  process  at  12am.  Regular  Sparge  process  at  6:00.  APT  onsite  to  do  the  following: 

1)  Dried  C02  lumen  MFC. 

2)  Changed  bag  filter  to  make  sure  it  didn't  trigger  during  the  weekend. 

3)  Changed  air  filter  on  the  H2  generator. 

Regular  Sparge  process  at  12:00.  Regular  Sparge  process  at  18:00.  R2  recirculation  changed  from  180  to  210  gpm 
at  20:47.  Manual  Sparge  process  at  20:55. 

9/24/1 1 

149 

NA 

NA 

Regular  Sparge  process  at  12  am,  6:00,  12:00  and  18:00. 

9/25/1 1 

150 

NA 

NA 

Regular  Sparge  process  at  12  am.  Regular  Sparge  process  at  6:00.  Regular  Sparge  process  at  12:00.  Regular  Sparge 
process  at  18:00.  R1&R2  recirculation  changed  to  280  gpm  at  22:03.  Manual  Sparge  process  at  22:06.  R2  H2  Flow 
rose  steadily  after  the  sparge  which  caused  a  Rialto  LEL  detector  at  23:32. 

9/26/1 1 

151 

NA 

NA 

Rich  onsite  to  look  for  the  H2  leak.  System  was  restarted  at  14:26.  He  was  unable  to  find  the  leak.  Feed  dropped 
from  15  to  10  gpm  at  17:00.  R2  H2  P  dropped  from  15  to  1 3psig  at  17:26.  Regular  sparge  at  18:00.  System  shut 
down  due  to  a  Rialto  LEL  detector  at  21 :55. 
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9/27/1 1 

152 

NA 

NA 

Rich  onsite  to  look  for  the  H2  leak.  System  was  restarted  at  09:56.  Rich  found  the  problem.  There  is  a  large  leak 
emanating  from  underneath  R-206.  We  restarted  the  system  with  6  of  the  7  modules  operating  and  will  plan  to  pull 
R-206  from  the  tank  tomorrow  and  fix  it.  R-206  H2  flow  turned  off.  Regular  sparge  at  12:00  and  18:00. 

9/28/1 1 

153 

NA 

NA 

The  hydrogen  leak  that  caused  the  most  recent  LEL  alann  was  caused  by  a  mechanical  failure  on  one  of  the  lag 
modules.  The  epoxy  head  was  delaminated  from  the  core  such  that  it  was  no  longer  connected.  The  reactor  is  being 
removed  today,  and  another  reactor  from  the  lead  MBfR  will  be  removed.  Samples  of  the  membrane  are  being  sent 
to  ASU  for  analysis. 

Reactors  swapped  positions  at  12am  (Rl  is  the  lead).  Sparge  at  12am  and  6:00.  APT  onsite  to  remove  leaky  module 
on  R2  (R2-206)  and  module  on  Rl  (Rl-103)...MBfR  down  from  8:51-18:51. 

9/29/1 1 

154 

NA 

NA 

Sparge  at  12am,  6:00,  12:00,  and  18:00.  APT  onsite  to  install  a  3-way  directional  valve  and  flow  meter  on  the 
media  fdter  to  direct  all  the  backwash  to  the  media  filter  and  eliminate  any  need  for  a  throttled  manual  valve. 

NaOCl  injection  valve  was  plugged  solid  with  precipitate. 

9/30/1 1 

155 

NA 

NA 

Sparge  at  12  am,  6:00  (Sparge  Interval  changed  to  12  hr).  Sparge  at  18:00.  APT  to  continue  working  on  media 
filter.  All  four  C02  meters  got  wet  yesterday  in  the  C02  supply  change-out  and  one  of  the  C02  mass  flow  meters 
could  not  be  dried  and  restarted  to  run  stably  afterwards.  So,  we  borrowed  the  C02  mass  flow  controller  from  the 
”R1  Lumen  flow”  and  are  using  it  for  the  bulk  C02  input  for  Rl  pH  control  (thus  the  lumen  C02  flow  is  zero  for 
Rl).  Current  operating  conditions:  Feed=10gpm,  Rl  H2  P=15psig,  R2  H2  P=13psig,  R1&R2  recirculation  = 
180gpm,  Filter  flow  =  9gpm. 

10/1/11 

156 

NA 

NA 

Sparge  at  6:00  and  18:00. 

10/2/11 

157 

NA 

NA 

Reactors  swapped  positions  at  12  am  (R2  is  the  lead).  Sparge  at  6:00  and  18:00. 

10/3/11 

158 

CA 

MBfR2 

Sparge  at  6  am.  Sparge  interval  changed  to  24  hr.  Backwash  at  14:40  because  dP  got  to  set  point  of  10  psig. 

Valve  XV- 103  on  MBfR  1  was  unplugged.  Leak  on  phosphate  pump/tank  was  identified.  Recirculation  pump  P-200 
was  operating  very  loudly.  The  chlorine  pump  injection  valve  was  closed,  CDM  opened  the  valve. 

10/4/1 1 

159 

NA 

NA 

Sparge  at  6am.  Rich  onsite:  Manual  Backwash  at  1 1:52.  Rialto  High  Sump  Level  by  accident  at  12:28.  Manual 
Backwash  at  12:43.  Rich  vented  the  fibers  at  13:54  which  improved  the  performance  (NOx  in  the  lead  dropped 
significantly).  New  Filter  aid  addition  around  20:45:  "950S"  3.4  g/L  at  3  ml/m  in. 
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10/5/11 

160 

DB 

MBfR2 

Sparge  at  6  am.  Rich  vented  fibers  at  8:05  which  improved  the  performance  (NOx  in  the  lead  dropped 
significantly).  APT  filled  filter  aid  tank.  System  shut  down  at  14:35  because  rain  water  tripped  CDM's  secondary 
containment  level  switch.  The  switched  triggers  at  2  inches  of  water.  CDM  pumped  water  out  of  secondary 
containment  and  discharged  it  to  the  ground  (rain  water  only).  CDM  elevated  this  secondary  containment  switch  to 

4  inches  temporarily  to  prevent  another  system  shut  down.  CDM  restarted  the  system  at  15:44.  To  mitigate 
accumulation  of  rainwater  into  secondary  containment,  the  southern  secondary  containment  wall  was  temporarily 
wedged  inward  slightly  to  break  the  connection  between  the  conex  box  and  the  inside  of  secondary  containment. 
Water  had  been  flowing  down  the  side  of  the  conex  box  during  heavy  rain  and  flowed  directly  into  containment. 

A  significant  leak  from  the  sodium  hypochlorite  pump  discharge  was  emanating  from  a  crack  on  the  fitting 
connection.  CDM  placed  epoxy  on  the  fitting  and  allowed  it  to  dry.  Tested  it  after  several  hours  and  the  fitting 
continued  to  leak.  Rich  ordered  the  part  to  be  replaced.  Replaced  bag  filter  with  100/50  bags  since  dP  was  13  psi. 

10/6/11 

161 

CA 

NA 

Reactors  swapped  positions  at  12  am  (Rl  is  the  lead).  Sparge  at  6  am.  CDM  onsite  to  install  gutters  on  southern 
side  of  MBfR  skid. 

10/6/11 

161 

NA 

NA 

Reactors  swapped  positions  at  12  am  (Rl  is  the  lead).  Sparge  at  6  am.  Manual  backwash  at  12:16.  Filter  aid  dose 
changed:  6.8  g/L  at  1  ml/min. 

10/7/11 

162 

CA 

MBfRl 

APT  on  site  to  vent  moisture  for  gas  lines.  May  affect  gas  pressure  readings.  CDM  to  collect  turbidity  sample  and 
send  to  lab.  CDM  &  APT  noticed  well  PVC  piping  has  moved,  we  have  addressed  issue  w/placing  sandbags.  CDM 
conducted  gas  readings  at  points  onsite.  CDM  to  discuss  sample  installation  on  product  tank  line  to  sump.  APT  has 
reduced  flow  to  5  gpm.  APT  has  refilled  the  filter  aid  solution.  CDM  unable  to  calibrate  turbidimeter. 

10/7/11 

162 

NA 

NA 

(Sparge  Interval  changed  to  22hr).  Sparge  at  4am.  Rich  vented  fiber  drains  at  9  am.  Chlorine  pump  was  turned  on  at 
9:20.  Manual  backwash  at  11:51.  Rich  installed  Rl  C02  lumen  MFC.  Feed  dropped  from  10  to  5  gpm  at  16:10 
(Filter  flow  dropped  to  4.5  gpm).  Rialto  Rl  High  Level  alann  at  17:06.  System  restarted  at  18:55. 

10/8/11 

163 

NA 

NA 

Sparge  at  2  am. 

10/9/11 

164 

NA 

NA 

Sparge  at  12  am.  Backwash  at  12:45  because  dP  got  to  setpoint  of  10  psig.  Sparge  at  22:00. 

10/10/11 

165 

CA 

MBfR2 

CDM  noticed  filter  aid  tank  is  empty.  Alerted  APT  and  shut  off  coagulant  pump.  CDM  unable  to  take  ORP  at 
locations,  probe  needs  to  be  replaced.  CDM  has  measured  gas  -  elevated  CO  levels  were  detected  (~120ppm).  CDM 
changed  chlorine  injection  pump  setting  to  20  strokes  per  min  w/100  %  stroke  length.  Then  change  was  made  due 
to  the  high  chlorine  residual  in  the  product  tank  (this  was  due  to  media  filter  flow  rate  being  decreased  to  4.5  gpm 
from  9  gpm). 

10/10/11 

165 

NA 

NA 

Reactors  swapped  positions  at  12  am  (R2  is  the  lead). 
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10/11/11 

166 

NA 

NA 

Rich  onsite:  H2  initiated  manual  backwash  at  10:30am.  Rich  did  pH  probe  experiment  but  the  data  got  lost  (MBfR 
down  from  10:55-14:07).  Manual  filter  backwash  initiated  at  14:12  and  14:33.  Sparge  at  18:00. 

Ryan  was  onsite  to  add  the  turbidity  wiring  for  new  turbidimeter.  The  Turbidity  is  now  displayed  from  both 
analyzers  on  the  filtration  page. 

Ryan  turned  the  filter  feed  flow  from  4.5  to  4gpm. 

10/12/11 

167 

CA 

MBfR2 

CDM  observed  that  new  online  turbidity  meter  was  installed  -  however  OIT  and  instrument  readings  do  not  match. 
Meter  samples  water  from  media  filter  effluent.  A  filter  backwash  was  performed  yesterday  ( 1 0/1 1 ).  A  sparge  was 
done  at  12:15  pm  and  samples  were  taken.  The  system  was  shut  down  at  1:30pm.  The  pH  meters  were  removed  and 
tested  against  CDM  handheld  meter.  CDM  reset  hydrogen  generator.  After  taking  chlorine  residual  (0. 1  in  product 
tank),  CDM  increased  injection  rate  to  30  strokes  per  minute  w/100%  stroke  length. 

10/12/11 

167 

NA 

NA 

Clyde  initiated  sparge  process  at  12:21  to  collect  sparge  samples.  Clyde  did  pH  probe  experiment  between  13:43- 
15:36.  Regular  sparge  at  16:00.  Sparge  interval  was  changed  to  24hrs.  pH  loop  for  both  reactors  was  left  closed. 

10/13/11 

168 

NA 

NA 

Filter  backwash  on  its  own  at  8:10  because  dP  got  to  setpoint  of  lOpsig.  Manual  backwash  at  17:00  and  17:30. 
System  down  from  14:32-17:39  (but  R1&R2  recirc  were  turned  on  with  R1&R2  water  level  low  and  blowing  air  to 
kill  sulfate  reducers).  Manual  sparge  with  air  at  22:00.  We  forced  R2  to  be  in  the  lead  and  R1  in  the  lag  so  we  can 
compare  tomorrow's  samples  to  Monday's  and  Wednesday's. 

10/14/11 

169 

DB 

MBfR2 

Sodium  hypochlorite  tank  was  left  uncovered  exposing  it  to  light.  CDM  covered  w/black  trash  bag  and  secured  it  to 
tank.  Increased  strokes  per  minute  on  chlorine  pump  to  40  (from  30).  This  elevated  post  media  filter  chlorine 
concentration  to  4.5  ppm.  CDM  used  silicon  solution  to  prep  sample  vials  during  turbidimeter  calibration  and 
during  sample  analysis.  New  sample  vials  were  used  during  today's  analysis.  Turbidimeter  requires  factory 
calibration  and  repair. 

10/14/11 

169 

NA 

NA 

Regular  sparge  with  air  at  16:00.  R2  &  R1  were  forced  to  stay  in  the  lead  and  lag  position  respectively  (program 
was  modified).  Feed  was  increased  from  5  to  lOgpm  around  17:00.  One  of  the  modules  in  R-l  would  not  contain 
hydrogen  so  it  was  valved  off  and  taken  out  of  service  and  R1  recirc  flow  was  dropped  from  1 80  to  150gpm  around 
20:00. 

10/15/11 

170 

NA 

NA 

Regular  sparge  with  air  at  16:00. 

10/17/11 

172 

DB 

MBfR2 

Reactor  1  has  two  modules  offline,  Reactor  2  has  one  module  offline  (APT  indicated  that  one  of  the  R1  modules 
failed  over  the  weekend  so  they  shut  it  down).  Sending  turbidimeter  in  for  factory  service.  Used  2100p  model 
instead  for  todays  analyses.  Upon  topping  off  chlorine  tank,  CDM  reduced  strokes  per  minute  on  pump  to  30  (from 
40).  Covered  tank  w/black  tarp  after  filling.  Increased  media  filter  flow  rate  to  9gpm  (from  4). 
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10/19/11 

174 

CA 

MBfR2 

APT  onsite  to  drain  fibers  on  MBfR  1&2.  APT  also  refilled  filter  aid.  APT  explained  that  N2  is  no  longer  used  in 
sparge  and  air  compressor  was  installed  in-line.  APT  was  successful  in  repairing  the  leaky  module  from  MBfR  1. 
The  failure  was  not  due  to  epoxy,  it  was  found  that  the  top  nut  was  loose.  APT  reapplied  o-ring  and  tightened  the 
top  nut.  CDM  and  APT  observed  that  site  does  have  less  pungent  H2S  smell.  APT  shut  down  filter  aid  at  12:30  - 
initial  turbidity  reading  on  in-line  probe  =  0.29.  At  1 :30,  turbidity  -  0.66  NTU.  CDM  monitored  4  gases  (02,  H2S, 
CO,  LEL).  APT  decided  to  try  a  new  filter  aid.  Readings  will  be  relayed  from  APT. 

10/20/11 

175 

NA 

NA 

Rich  onsite:  filter  backwash  at  8:56.  Rich  vented  fiber  drains  at  10:42.  Sparge  at  16:00.  Manual  Sparge  at  18:00. 

10/21/11 

176 

DB 

MBfR2 

Coagulant  tank  was  empty  upon  arrival.  CDM  turned  off  coagulant  metering  pump,  increased  sodium  hypo  settings 
to  40  spm  from  30  spm.  Post  sodium  hypo  injection  residual  was  1.5  ppm.  Took  4-gas  meter  readings  today,  all  gas 
readings  were  zero  except  oxygen  (20.9).  Conducted  a  sparge  and  collected  TSS  and  turbidity  samples. 

10/22/11 

177 

NA 

NA 

Sparge  at  16:00. 

10/23/11 

178 

NA 

NA 

Increased  R2  H2  P  from  11.1  to  15psig  at  14:53.  Sparge  at  16:00.  R2  H2  shot  up  after  the  sparge. 

10/24/11 

179 

NA 

NA 

APT  repaired  a  loose  nut  connection  on  the  top  of  an  R2  module.  H2  leak  disappeared  after  tightening  it  up.  APT 
installed  a  solenoid  valves  to  be  used  for  fiber  purging.  APT  troubleshot  new  turbidimeter.  Changed  sparge  interval 
to  12hr  (from  24).  APT  successfully  vented  fiber  drains  using  solenoid  valves. 

10/25/11 

180 

NA 

NA 

Sparge  at  03:00.  R2  fibers'  venting  using  solenoid  valve  at  13:30  (SV  opened  for  1  min).  Sparge  at  15:00. 

10/26/11 

181 

DB 

MBfR2 

Took  weekly  samples,  monthly  influent  compliance  samples  and  duplicates. 

10/27/11 

182 

NA 

NA 

Filter  backwash  at  12:18  because  dP  got  to  setpoint  of  lOpsig.  Sparge  at  03:00.  Manual  Sparge  at  08:05.  We  got  a 

R2  High  Level  at  9:57.  System  restarted  at  16:20.  R1  H2  is  not  able  to  maintain  the  H2  pressure.  At  20:27-20:44,  R- 
105  was  taken  offline  (R1  recirc  dropped  from  180  to  150gpm)  because  R-105  bottom  H2  seal/o-ring/or  core  tube 
failed.  At  22: 15  Ryan  corrected  the  (No  Suggestions). 

10/28/11 

183 

DB 

MBfR2 

APT  onsite  to  rebuild  recirc  pump  on  R2.  R1  valve  leading  to  nitrate  analyzer  was  left  close  since  10/27  causing  a 
high  nitrate  analyzer  reading.  Upon  opening,  the  nitrate  analyzer  stabilized  at  0.23  ppm.  CDM  lowered  secondary 
containment  level  switch  back  to  2"  above  containment  floor  (from  4"). 

10/28/11 

183 

NA 

NA 

Fiber  drains  venting  was  programmed  into  PLC: 

1)  The  Fibers  drains  will  currently  open  for  90  seconds. 

2)  R1  will  open  on  the  hour  on  every  odd  hour. 

3)  R2  will  open  on  the  hour  on  every  even  hour. 

4)  Neither  will  open  if  the  sparge  has  been  triggered  or  is  in  progress  (to  prevent  losing  out  level  indication  / 
transmitter  flow). 

R1  sample  valve  to  N.  Analyzer  opened  at  9:48. 

Richard  replaced  P200  between  1 1:53-17:48. 
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10/29/11 

184 

NA 

NA 

Sparge  at  16:00.  R1  fiber  drain  vented  automatically  at  19:00  for  the  first  time. 

10/30/11 

185 

NA 

NA 

Sparge  at  03:00  and  15:00. 

10/31/11 

186 

DB 

MBfR2 

Two  modules  were  off  on  R1  and  1  module  off  on  R2.  Sodium  hypo  pump  was  off  upon  arrival  (CDM  turned  it 
back  on  right  away).  Performed  pH  meter  backcheck  test  today  on  all  sample  points  using  CDM's  Oakton  pH6+ 
field  meter,  A  HACH  Sensionl  meter  borrowed  from  CCI,  and  the  inline  pH  probe  APT  has  installed  on  the  MBfR 
for  R2.  Results  are  shown  in  the  table  on  the  data  log  sheet.  CDM  took  samples  for  daily  monitoring  tests  after  the 
pH  test  was  perfonned,  it  appears  that  all  pH  values  are  lower  due  to  the  C02  overshooting  to  compensate  for  the 
pH  testing  period.  CDM  confirmed  with  APT  that  during  future  pH  tests  using  the  inline  probe,  it  is  necessary  to 
place  the  C02  flow  in  'hand'  mode  so  that  the  C02  does  not  overcompensate. 

10/31/11 

186 

NA 

NA 

Sparge  at  03:00.  R2  fiber  drain  vented  automatically  at  10:00  for  the  first  time  because  before  that  there  was  a 
mistake  on  the  program. 

11/1/11 

187 

NA 

NA 

APT  opened  R1  valve  leading  to  nitrate  analyzer  (this  was  accidentally  left  closed  upon  sampling  on  10/31/11). 
Regular  Sparge  process  was  initiated  at  3:00  and  15:00.  R1  sample  valve  at  the  bottom  of  the  tank  was  opened 
around  18:30 

1 1/2/1 1 

188 

CA 

MBfR2 

Very  windy  onsite.  CDM  does  walk  around  to  check  for  damage  from  wind.  CDM  lowered  chlorine  pump  to  30 
spm  and  100  stroke  length.  CDM  completed  weekly  sampling  event  to  include  duplicate  samples.  Regular  sparge 
process  was  initiated  at  03:00  and  15:00. 

11/3/11 

189 

NA 

NA 

Regular  sparge  process  was  initiated  at  03:00.  Rich  was  onsite:  He  initiated  a  filter  backwash  at  8:38.  After  the 
backwash,  Rich  started  dosing  filter  aid:  SWT  2000.  3.25  g/L  running  at  17  ml/min.  Regular  sparge  process  was 
initiated  at  15:00.  Sparge  interval  was  changed  from  12  to  24  hr. 

11/4/11 

190 

CA 

MBfR2 

APT  onsite  to  adjust  hydrogen  LEL  sensor.  It  is  currently  raining  onsite  and  site  is  not  flooded.  CDM  to  monitor 
rain.  APT  complete  LEL  adjustment  at  9:30,  CDM  will  wait  to  for  the  system  to  stabilize  prior  to  taking  samples. 
APT  increased  filter  aid  dose:  6.5  g/L  at  17  ml/min.  LEL  sensors  in  hydrogen  generator  were  calibrated  at  8:55. 
Clyde  initiated  the  sparge  process  at  12:03.  Regular  sparge  process  was  initiated  at  15:00.  Sparge  interval  was 
changed  from  24  to  12  hr. 

11/5/11 

191 

NA 

NA 

Regular  sparge  process  was  initiated  at  03:00.  R2  C02  lumen  valve  was  opened  at  10:31  (ratio  was  set  at  0.1).  R2 
H2  P  was  increased  from  15  to  17  psig  at  13:12  and  from  17  to  17.5psig  at  13:52  to  keep  R2  H2  flow  the  same. 
Regular  sparge  process  was  initiated  at  15:00. 

1 1/6/1 1 

192 

NA 

NA 

Due  to  Daylight  Saving:  R1  opens  on  the  hour  on  every  even  hour.  Nitrate  analyzer  samples  R1  on  every  even  hour. 
R2  opens  on  the  hour  on  every  odd  hour.  Nitrate  analyzer  samples  R2  on  every  odd  hour.  Regular  sparge  process 
was  initiated  at  2:00  and  14:00  (an  hour  before  scheduled  time  due  to  daylight  savings).  Filter  backwash  at  20:02 
because  dP  got  to  10  psig. 

C-25 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

1 1/7/1 1 

193 

DB 

MBfR2 

Gallade  chemical  delivered  3-15  gallon  carboys  today  of  12.5%  sodium  hypochlorite.  APT  to  be  onsite  this 
afternoon  to  perform  work  on  system.  Regular  sparge  process  was  initiated  at  02:00.  PLC  and  OIT  times  were 
changed  at  9: 19  to  correct  for  daylight  savings:  Fiber  venting  and  Nitrate  analyzer  samples  went  back  to  their 
original  time.  Rich  was  onsite:  1)  Started  filter  aid  at  12:44  (it  was  under  dosing),  2)  Installed  diffuser  for 
turbidimeter  around  14:15  3)  Perfonned  a  manual  sparge  on  R2  (one  module  at  a  time)  between  15:53-17:16. 

11/8/11 

194 

NA 

NA 

Rich  was  onsite:  1)  Calibrated  pH  and  ORP  probes  between  08:30-09:00.  2)  Filter  aid  increased  at  11:10  (6.5  g/L  at 
17  ml/min).  Regular  sparge  process  was  initiated  at  13:00. 

11/9/11 

195 

DB 

MBfR2 

APT  installed  larger  coagulation  container  (-15  gallons)  but  the  pump  was  off,  not  feeding  the  system.  Turbidity 
was  low  on  both  APT  instrument  (0,21).  So  there  does  not  appear  to  be  a  need  for  coagulation  dosing  at  this  point. 
Regular  sparge  process  was  initiated  at  01:00.  Filter  backwash  at  9:46  because  dP  got  to  10  psig.  Regular  sparge 
process  was  initiated  at  13:00. 

11/10/11 

196 

NA 

NA 

Regular  sparge  process  was  initiated  at  01:00.  Filter  backwash  at  9:46  because  dP  got  to  10  psig.  Regular  sparge 
process  was  initiated  at  13:00. 

11/11/11 

197 

CA 

MBfR2 

CDM  onsite,  a  slight  smell  of  sulfur/sulfide  in  MBfR  and  aeration  area.  CDM  perfonned  sparge  atl2:00.  Samples 
were  taken  for  TSS.  CDM  cleaned  nitrate  analyzer  lens  with  DI  water  and  chem  wipe.  The  Nitrate  analyzer  feed 
lines  have  been  re-routed  as  per  APT's  direction.  The  nitrate  analyzer  numbers  were  taken  before  and  after  re-route. 
CDM  refilled  chlorine  and  change  settings  to  40  strokes  per  minute  with  100%  stroke  length. 

Regular  sparge  process  was  initiated  at  01:00.  Rich  opened  the  R1  sample  valve  at  the  bottom  of  the  tank  around  7 
am.  Clyde  initiated  manual  sparge  at  1 1:50.  Clyde  modified  Nit.  Analyzer  influent  lines  in  preparation  for  next 
week's  batch  test.  Renato  manually  did  a  sparge  on  R2  (first  decreased  R2  recirc  rate  to  70  gpm  and  R2  H2  P  to  14 
psig)  at  16:50.  Sparge  interval  was  changed  to  4hr.  Filter  did  a  backwash  on  its  own  at  19:15  because  dP  got  to  10 
psig.  Regular  sparge  process  was  initiated  at  21:00. 

11/12/11 

198 

NA 

NA 

Regular  sparge  process  was  initiated  at  00:00,  04:00,  08:00,  12:00,  16:00,  20:00.  David  did  a  manual  sparge  on  R2 
around  10:45. 

11/13/11 

199 

NA 

NA 

Regular  sparge  process  was  initiated  at  00:00,  04:00.  No  more  sparges  after  that  because  "Reject  tank  is  NOT  ready 
to  receive."  (Water  is  not  flowing  from  the  Reject  tank  to  the  Sump  tank).  R2  recirc  was  changed  back  to  its 
original  setpoint  of  180gpm  at  08:20.  R2  H2  P  was  changed  back  to  its  original  setpoint  of  17.5  psig  at  14:58. 

C-26 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

11/14/11 

200 

CA 

MBfR2 

Schedule  batch  test  for  today.  CDM  was  instructed  to  close  the  reject  tank  sump  pump  valve.  During  the  weekend 
the  reject  line  had  become  clogged  not  allowing  it  to  drain.  The  MBfR  has  not  been  able  to  sparge  since  Saturday. 
CDM  closed  fdter  aid  feed  due  to  leak  at  the  pump  head.  Batch  testing  started  @  9:35.  Alanns  for  high  level  has 
stopped  the  test.  CDM  restarts  test  @  10:30. 

First  day  of  the  batch  experiment  on  R2.  Filter  aid  was  leaking  at  the  head  so  Clyde  decided  to  turn  it  off.  High 

Sump  Level  alann  at  16:07.  Rich  was  onsite  at  night:  He  found  the  Sump  Tank  level  switch  outside  the  sump  tank 
and  the  sump  pump  never  turned  on  which  caused  the  High  Sump  Level.  Apparently  what  happened  is  that 

Inventory  water  from  the  MBfR  flowed  into  the  sump  tank  and  overflooded  into  the  secondary  containment  which 
caused  a  level  switch  on  the  secondary  containment  to  trip  shutting  down  the  well  pump.  Rich  restarted  the  system 
at  21 : 12  but  the  well  pump  alarm  was  never  cleared;  therefore,  the  water  going  to  the  MBfR  after  being  restarted 
was  the  remaining  water  in  the  feed  tank. 

11/15/11 

201 

NA 

NA 

Regular  sparge  process  was  initiated  at  00:00  but  it  never  finished  because  there  was  not  enough  water  in  the  feed 
tank  to  refill  the  MBfR  completely.  The  system  was  still  running  with  no  incoming  water.  A  decision  was  made  to 
not  do  the  second  day  of  the  batch  experiment.  Rich  was  onsite:  1)  Cleared  the  Well  pump  alann  and  got  water 
flowing  back  into  the  MBfR  at  9: 12.  2)  Did  a  manual  sparge  on  R2.  The  result  was  that  R2  dP  dropped  from  -38- 
39  psig  to  -25-26  psig. 

3)  Replaced  the  tubing  on  the  filter  aid  pump  and  restarted  it.  Filter  did  a  backwash  on  its  own  at  21 :39  because  dP 
got  to  setpoint  of  10  psig.  Went  back  to  sparging  with  nitrogen. 

11/16/11 

202 

CA 

MBfR2 

CDM  onsite  at  8:00am.  The  system  is  operating  normal  since  11/15/11.  CDM  to  conduct  batch  test  on  reactor  1. 
Lead  reactor  is  currently  #2.  CDM  to  follow  steps  38-71  on  Batch  test  protocol.  Testing  started  @9:29.  A  leak  was 
found  on  recirculation  pump#2.  It  is  the  source  of  flooding  the  site.  Batch  testing  ends  @  3:40.  CDM  returns  all 
settings  back  as  described  in  step  71.  Nitrate  analyzer  lines  were  returned  to  their  normal  sampling  port.  CDM  set 
sparge  back  to  12  hour  interval  and  immediately  initiated  a  sparge.  CDM  stayed  onsite  to  monitor.  CDM  also 
removed  flooded  water.  Level  on  reactors  appear  to  be  stable  at  4-inches  below  the  high  level  alann.  Cameron 
Welding  onsite  to  refdl  nitrogen  dewar. 

Note:  APT  infonned  me  that  the  reject  tank  has  approximately  4  to  6-inches  of  filter  media  in  the  bottom.  We  have 
calculated  the  total  volume  to  be  2-4  cubic  feet  of  media.  The  filters  only  contain  8  cu-ft  of  media.  The  backwash 
may  be  causing  this. 

Second  day  of  the  batch  experiment  on  Rl.  Clyde  infonned  that  P200  is  leaking.  Richard  Rossi  will  be  onsite  on 
Saturday  to  replace  the  seal  on  the  pump.  Sparge  process  at  16:33. 

11/17/11 

203 

NA 

NA 

Sparge  at  04:00  (with  Nitrogen  instead  of  air  since  1 1/15/1 1 ).  Rich  calibrated  the  pH  and  ORP  probes  for  both 
reactors.  Sparge  at  16:10. 

C-27 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

11/18/11 

204 

DB 

MBfR2 

Coagulant  tank  was  empty  upon  arrival.  Coagulant  pump  was  running  but  not  dosing  system  so  CDM  turned  off 
pump.  Sparge  at  04:00.  Sparge  at  16:00.  R2  H2  P  was  changed  from  17.5  to  15.5psig  at  21:49  to  keep  the  same  H2 
flow  was  as  before. 

11/19/11 

205 

NA 

NA 

Sparge  at  04:00.  Richard  was  onsite:  He  worked  on  the  P-200  from  9:36-13:00  (all  was  well  for  one  hour  then  the 
new  seal  began  to  leak).  Sparge  at  16:00  but  it  didn't  finish  (Sparge  timeout  at  16:39)  because  it  couldn't  complete 
all  the  steps  for  R2.  R2  H2  P  couldn't  maintain  pressure  so  H2  flow  to  R2  was  shut  down. 

11/20/11 

206 

NA 

NA 

Richard  onsite:  Worked  on  the  P-200  from  8:55-10:30  (the  seal  leak  appears  to  be  resolved).  He  replaced  the  H2 
generator  filter. 

11/21/11 

207 

NA 

NA 

System  shut  down  on  a  R2  High  Level  at  01 :27.  Rich  was  onsite,  he  did  the  following:  Restarted  system  at  12:03. 
Filter  aid  started  around  13:30  (SWT2000). 

Sparge  at  16:00 

11/22/11 

208 

CA 

MBfR2 

APT  lowered  influent  flow  rate  to  8  gpm.  CDM  changed  phosphate  dosing  to  20  strokes  per  minute  /  25%  stroke 
rate.  Changed  sodium  hypo  dosing  to  30  spm  /  100  %.  The  reactor  overflow  valve  to  the  aeration  tank  was  slightly 
closed  to  compensate  for  lower  flow  and  maintain  water  level  in  the  reactors. 

Feed  flow  changed  from  10  to  8  gpm  in  preparation  for  the  4  weeks  of  steady  state  starting  Monday  November  28. 
Filter  flow  was  also  dropped  from  9  to  7.5  gpm. 

11/23/11 

209 

NA 

NA 

Rich  was  onsite,  he  did  the  following:  Rich  found  a  leak  from  the  bottom  of  R2  207.  R-207  was  taken  offline  at 

7:48.  R2  recirc  dropped  from  180  to  150gpm  at  10:09.  Calibrated  turbidity  meter  ((No  Suggestions)).  Rich  did  a 
fdter  backwash  at  12:32.  At  14:45,  R-204  was  taken  offline  due  to  a  leak  coming  from  the  top  of  the  module.  It 
delaminated.  R2  recirc  dropped  from  150  to  120  gpm.  Filter  flow  dropped  from  7.5  to  7  gpm. 

1 1/24/1 1 

210 

NA 

NA 

Sparge  at  00:16  and  2:55  and  14:00.  Sparge  interval  set  at  12  hrs  interval. 

1 1/25/1 1 

211 

NA 

NA 

Sparge  at  2:00  and  14:00. 

1 1/26/1 1 

212 

NA 

NA 

Sparge  at  2:00.  Around  10:00,  R2  H2  P  changed  from  15.5  to  18  psig.  Sparge  at  14:00. 

1 1/27/1 1 

213 

NA 

NA 

Sparge  at  2:00  and  14:00. 

11/28/11 

214 

CA 

MBfR2 

CDM  perfonned  turbidity  calibration,  all  standards  do  not  read  well  and  need  to  be  reordered.  APT  informed  CDM 
that  bag  filters  were  changed  on  1 1/23/11.  Sparge  occurred  at  2:00  pm.  CDM  to  order  more  post-filters  (250-100). 
CDM  installed  100-50  type  bag  filters.  Need  to  closely  monitor  DP.  APT  onsite  to  refill  filter  aid  and  harvest  2 
fiber  reactors  ( 1  from  each  MBfR). 

Sparge  at  2:00.  Filter  backwash  at  12:04  because  dP  got  to  setpoint  of  10  psig.  Sparge  at  14:00.  Rich  onsite:  Rich 
sent  two  lab  reactors  to  ASU.  At  15:43  feed  flow  was  dropped  from  8  to  7gpm  and  filter  flow  from  7  to  6  gpm. 
Manually  made  reactors  swap  positions  at  15:53  (R1  is  in  the  lead) 

1 1/29/1 1 

215 

NA 

NA 

Sparge  at  02:00.  Sparge  at  14:00.  Around  17:00,  we  set  R1&R2  C02  in  the  lumen  to  0.05  of  the  H2  flow  and 
changed  R1  H2  P  from  15  to  16.5  psig  and  R2  H2  P  from  18  to  16.5psig  to  keep  the  same  H2  flows. 

C-28 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

11/30/11 

216 

DB 

MBfR2 

Increased  phosphate  dosing  pump  stroke  length  from  25%  to  30.  Coagulant  tank  was  empty  upon  arrival,  CDM 
turned  off  dosing  pump  and  alerted  APT.  CDM  turned  down  CL2  pump  to  25spm  (from  30)  due  to  the  lower  media 
fdter  flow  rate.  Collected  10  gallons  influent  well  water  and  5  gallons  flush  (purge)  water  and  sent  them  to  ASU  for 
overnight  delivery.  CDM  had  to  manually  initiate  a  sparge  on  MBfR  and  only  collect  sample  water  during  the  first 
drain/second  drain  for  both  reactors. 

Sparge  at  02:00.  Daniel  collected  well  water  (2x5  gal).  Daniel  manually  initiated  the  sparge  process  at  13: 10  to 
collect  sparge  water  (5  gal)  and  sent  it  to  ASU. 

12/1/11 

217 

NA 

NA 

Sparge  at  2:00.  No  feed  water  at  06:52  (no  water  in  the  feed  tank)  but  system  was  still  running  so  we  started 
overreducing.  Stopped  system  at  08:42  until  Rich  gets  there.  Rich  onsite:  Well  pump  had  a  high  sump  level  alarm. 
The  weather  conditions  triggered  the  level  switch  in  the  secondary  containment  (high  winds)?.  There  was  no  water 
in  the  secondary  containment.  Alarm  was  cleared  and  water  started  flowing  into  the  feed  tank.  System  restarted  at 
9:18.  Sparge  at  14:00.  Feed  was  dropped  from  7  to  6gpm  at  16:55.  H2  generator  shut  down  at  18:09 

12/2/1 1 

218 

DB 

NA 

No  sampling  today  as  Wednesday's  perchlorate  lag  samples  did  not  show  complete  removal.  CDM  on  site  to  top  of 
phosphate  and  sodium  hypo  tanks.  CDM  restarted  H2  generator  and  verified  enough  H2  in  6-pack  to  last  through 
the  weekend  if  generator  shuts  down  again.  Increased  sodium  hypo  pump  (spm)  setting  to  30  (from  25spm)  after 
topping  off  tank.  APT  to  be  on  site  this  afternoon  to  adjust  ball  valve  setting  on  MBfR  outfall  (overflow  to  aeration) 
to  account  for  lowered  flow  rate  (6  gpm).  CDM  adjusted  ball  valve  (APT  to  check  on  water  level  later  today). 
Noticed  some  knocking  or  rougher  sounds  from  sump  pump  (might  consider  servicing  it). 

Reactors  swapped  positions  at  12  am  (R2  is  in  the  lead).  Sparge  at  02:00.  Daniel  adjusted  the  overflow  valve  and 
restarted  the  H2  generator  around  13:00.  Sparge  at  14:00.  H2  generator  shut  down  at  16:04. 

12/3/1 1 

219 

NA 

NA 

Sparge  at  02:00.  Sparge  at  14:00. 

12/4/1 1 

220 

NA 

NA 

Sparge  at  02:00.  We  ran  out  of  H2  in  the  cylinders  around  1 1 :00.  Sparge  at  14:00  but  we  got  a  Sparge  timeout 
alann  at  15:48  because  the  sparge  process  was  stuck  in  the  very  last  step  because  since  there  was  no  H2,  the  NOx 
numbers  couldn't  get  below  0.6mg/L  to  complete  the  sparge  cycle. 

C-29 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

12/5/1 1 

221 

DB 

NA 

No  sampling  today  due  to  running  out  of  H2  over  the  weekend.  Cameron  Welding  to  deliver  new  6  pack  later 
today.  Currently  only  running  on  one  cylinder  (400  psi).  CDM  to  coordinate  w/APT  to  see  if  Rich  Buday  will  be  on 
site  later  today  and  switch  out  regulator  to  new  6  pack.  Cameron  to  deliver  another  6  pack  on  12/7/11.  There  was  a 
sizable  leak  that  occurred  on  the  N2  sparge  line  just  prior  to  the  second  valves.  CDM  tightened  it  up  and  minimized 
leak  but  required  further  maintenance  and  possible  repair  (CDM  alerted  APT).  Cameron  to  fill  N2  dewar  today  as 
the  leak  likely  caused  us  to  run  out  of  N2.  CDM  closed  off  valve  on  N2  dewar  to  prevent  further  loss  on  gas  upon 
filling  up  the  dewar  today  (~  12  pm). 

N2  line  pressure  low  alann  at  00:27.  H2  back  at  around  09:30  (from  one  cylinder).  Rich  was  onsite:  H2  generator 
restarted  at  13:10.  Fixed  N2  leak.  Sparge  at  14:00.  H2  generator  shut  down  at  16:39.  At  18:24,  R1&R2  H2  P  were 
changed  from  16.5  to  8.25psig  so  we  don't  run  out  of  H2  from  the  one  H2  cylinder  left  until  it  gets  fixed  next 
morning. 

12/6/1 1 

222 

NA 

NA 

Reactors  swapped  positions  at  12am  (Rl  is  in  the  lead).  Sparge  at  02:00.  Rich  onsite:  Restarted  H2  generator  and 
put  R1&R2  H2  pressures  back  to  16.5psig  (their  original  values)  at  08:38.  Filter  B  (the  one  on  the  right)  was  turned 
off  at  08:45.  At  10:06  filter  A  (the  one  on  the  left)  started.  Filter  A  backwash  at  10:12. 

Sparge  at  14:00.  Rich  onsite:  Around  16:00,  Rich  calibrated  the  pH,  ORP  probes.  Also,  to  see  how  quickly  turbidity 
recovers,  he  dosed  13g/L  of  filter  aid  (SWT2000)  at  35ml/min  for  5  min  and  turbidity  dropped  significantly  from 
~0.9  to  0.17NTU.  Manual  Filter  A  backwash  at  19:52. 

12/7/1 1 

223 

NA 

NA 

No  sampling  today.  Plant  is  not  yet  at  steady  state.  Filter  aid  not  yet  implemented.  Sparge  at  02:00.  Rich  onsite: 

Filter  aid  (SWT2500,  13g/L  at  7ml/min)  from  1 1:52  to  13:45.  Turbidity  dropped  from  0.55  to  0.12NTU. Filter  aid 
was  delivered  to  the  wrong  location.  Manual  Sparge  at  13:35. 

12/8/1 1 

224 

NA 

NA 

Sparge  at  01:00.  Rich  was  onsite:  At  1 1 :00,  he  secured  all  fiberglass  heads  using  wood  screws.  At  12:30,  he  cleaned 
recirc  flow  meters.  Sparge  at  13:22. 

12/9/1 1 

225 

CA 

MBfRl 

No  sampling  today  as  filter  aid  was  not  delivered  to  the  proper  address.  Filter  aid  to  arrive  at  CDM  Rancho  Office 
on  12/12/11.  CDM  onsite  to  take  weekly  compliance  samples.  Sparge  01:00.  Sparge  13:00.  CDM  collected  weekly 
compliance  samples  only. 

12/10/11 

226 

NA 

NA 

Reactors  swapped  positions  at  12am  (R2  is  in  the  lead).  Sparge  01:00.  Sparge  13:00. 

12/11/11 

227 

NA 

NA 

Sparge  01:00.  Sparge  13:00. 

C-30 
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Day 

Operator 

Lead 

Reactor 
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12/12/11 

228 

NA 

NA 

No  sampling  today.  Filter  aid  delivered  to  CDM  office  this  morning.  APT  picked  it  up  and  filled  filter  aid  tank  so 
system  can  officially  be  set  at  steady  state  conditions.  Sparge  01:00.  Sump  pump  discharge  pressure  dropped 
significantly  from  30  to  5  psig  at  11:13.  Sparge  13:00. 

Rich  was  onsite  around  1 5 :00:Filter  aid  started  (26g/L  at  4ml/min).  Leak  in  the  convex  trailer.  The  secondary 
containment  switch  triggered  an  automatic  shut  down  of  influent  well  water  but  the  MBfR  system  kept  running. 

The  cause  of  the  leak  was  a  hose  connection  coming  lose  from  the  charlock  fitting  at  the  influent  of  the  lead  GAC 
vessel.  Some  quantity  of  water  was  discharged  to  soil  surrounding  the  southern  conex  box  secondary  containment 
area.  Rich  fixed  the  leak. 

System  was  shut  down  at  16:36  while  Daniel  and  Clyde  processed  the  water  from  secondary  containment  to  the 
sump  tank.  Collected  water  sample  and  soil  sample  for  perchlorate  analysis.  Soil  sample  collected  from  impacted 

area. 

12/13/11 

229 

NA 

NA 

System  restarted  at  1 1 :20.  Sparge  at  13:00. 

12/14/11 

230 

NA 

NA 

CDM  onsite.  Pumped  remaining  standing  water  in  secondary  containment  into  the  sump  tank.  The  turbidity  meter 
was  unplugged  from  10  -  11  am  so  that  the  power  strip  could  be  used  to  pump  water  out  from  secondary 
containment.  CDM  installed  hose  clamps  on  GAC  vessel  and  IX  vessel  connections  that  did  not  have  them. 

Turbidity  samples  were  not  collected  due  to  a  sparge  initiation  prior  to  sampling.  CDM  checked  level  and  height  of 
the  secondary  containment  switch:  it  engages  at  approximately  5  to  6  inches.  The  sump  pump  pressure  was  31  psi. 
The  lead  GAC  vessel  had  a  high  differential  pressure  (20  psi). 

Reactors  swapped  positions  at  12am  (Rl  is  in  the  lead).  Sparge  at  01:00.  Steady  state  started  today.  Sparge  at  13:00. 

12/15/11 

231 

NA 

NA 

Sparge  at  01:00.  Sparge  at  13:00.  CDM  on  site  to  bypass  GAC-1  (lead  vessel)  and  rehose  GAC-2  as  the  only  inline 
GAC  vessel.  GAC-1  was  isolated  from  the  system.  Collected  pressure  readings  prior  to  removal  of  the  GAC-1 
vessel. 

12/16/11 

232 

NA 

NA 

CDM  onsite.  Weather  is  very  windy  but  the  canopy  is  holding  in  place.  APT  and  Sterling  Water  onsite  to 
troubleshoot  fdter  aid.  The  reading  was  0.55  NTU  on  the  turbidimeter.  CDM  contacted  Cameron  Welding  to  refdl 
the  C02  dewar  and  backup  cylinders.  CDM  inspected  and  replaced  the  bag  fdters.  A  200/100  micron  filter  was 
installed.  The  heel  drain  pump  on  R2  was  accidently  left  in  the  afternoon;  the  valve  was  opened  and  then  closed  but 
did  not  actuate.  This  resulted  in  the  lag  vessel  completely  draining  to  the  reject  tank  over  a  period  of  about  15-20 
minutes  and  having  to  be  refilled  at  1:30. 

Sparge  at  01:00.  Rich  and  Kevin  onsite:  Due  to  a  low  MBfR  flow  rate  (6gpm)  we  are  generating  sulfides  which  we 
believe  is  the  cause  of  higher  turbidity.  They  were  trying  to  figure  out  what  the  correct  type  and  concentration  of 
filter  aid  is  to  remove  sulfide.  Working  doing  jar  test  to  optimize  turbidity.  Sparge  at  15:32. 

12/17/11 

233 

NA 

NA 

Sparge  at  03:00.  Sparge  at  15:00. 

C-31 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

12/18/11 

234 

NA 

NA 

Reactors  swapped  positions  at  12am  (R2  is  in  the  lead).  Sparge  at  03:00.  Sparge  at  15:00. 

12/19/11 

235 

NA 

NA 

Cameron  Welding  onsite  to  replace  C02  dewar.  CDM  onsite  to  collect  weekly  samples  and  field  duplicates.  CDM 
adjusted/postponed  the  sparge.  It  will  be  reset  after  sampling  is  complete.  Outlet  totalizer  is  gunked  up  and  the  head 
has  moss  growing  inside  it.  The  unit  needs  servicing. 

Sparge  at  03:00.  R1  Sample  valve  left  closed  around  13:30.  Sparge  at  16:00.  Rich  onsite:  Jar  testing  with  ferric 
chloride.  At  19:25,  turned  pump  down  from  7  to  2ml/min.  At  21:00,  initiated  manual  backwash.  After  turbidity 
recovered,  it  dropped  to  -0.25NTU. 

12/20/1 1 

236 

NA 

NA 

Sparge  at  03:00.  Rich  onsite:  Increased  filter  aid  pump  from  2  to  3ml/min  around  1 1:45.  Increased  filter  aid  pump 
from  3  to  4ml/min  around  12:30.  Opened  R1  sample  valve  to  Nit.  Analyzer  around  12:30.  Increased  filter  aid  pump 
from  4  to  5ml/min  around  13:00.  Rich  calibrated  pH  and  ORP  probes  from  12:50-13:40.  Sparge  at  15:00. 

12/21/11 

237 

NA 

NA 

Hydrogen  sulfide  odor  was  not  strong  today,  even  when  removing  the  aeration  lid,  the  smell  dissipated  quickly. 
Lag/aeration  sulfide  levels  were  lower  than  on  Monday.  APT  onsite  to  top  off  filter  aid. 

Sparge  at  03:00.  Rich  initiated  manual  backwash  at  10:50  and  change  dP  set  point  to  7.5.  Sparge  at  15:00. 

12/22/11 

238 

NA 

NA 

Reactors  swapped  positions  at  12am  (Rl  is  in  the  lead).  Sparge  at  03:00.  Sparge  at  15:00. 

12/23/11 

239 

DB 

MBfRl 

Media  filter  triggered  a  backwash  just  prior  to  site  arrival.  CDM  unable  to  collect  a  media  filter  backwash  sample. 
APT  on  site  to  top  off  the  coagulant  tank  and  lower  coagulant  flow  rate  from  6  to  4  ml/min.  Chlorine  residual  on 
product  water  was  high  so  the  tank  was  topped  off  with  media  filter  effluent  water  (no  sodium  hypo  was  added). 

The  target  residual  is  0.2  mg/L  at  a  flow  of  5  gpm  and  the  measured  residual  was  1  mg/L.  Sparge  at  03:00.  Filter 
backwash  at  09:07.  Sparge  at  15:00. 

12/24/11 

240 

NA 

NA 

Sparge  at  03:00.  Sparge  at  15:00. 

12/25/11 

241 

NA 

NA 

Filter  backwash  at  00:30.  Sparge  at  03:00.  Sparge  at  15:00. 

12/26/11 

242 

NA 

NA 

Reactors  swapped  positions  at  12am  (R2  is  in  the  lead).  Sparge  at  03:00.  Sparge  at  15:00.  Filter  backwash  at  20:06. 

12/27/11 

243 

DB 

MBfR2 

APT  lowered  the  coagulant  tank  flow  rate  from  4  ml/min  to  3  ml/min.  The  sump  pump  is  making  an  audible 
whining  noise.  Air  quality  monitoring  shows  no  hydrogen  sulfide  near  the  aeration  tank  or  inside  the  tank.  The 
meter  was  allowed  to  collect  continuous  data  over  a  duration  of  1.5  hours.  Sparge  at  03:00.  Sparge  at  15:00. 

12/28/11 

244 

DB 

MBfR2 

The  inline  turbidimeter  was  reading  2.2  NTU.  There  was  a  negative  differential  pressure  on  the  media  filter.  CDM 
notified  APT  and  Rich  Buday  came  to  do  maintenance.  The  chlorine  residual  at  the  finished  water  was  high  (1 
mg/L)  so  media  filter  effluent  water  was  used  to  fill  the  rest  of  the  tank  and  dilute  the  dose.  APT  fixed  the  high 
turbidity  readings  -  the  discrepancy  was  due  to  no  flow  going  through  the  meter.  Turbidity  stabilized  at  0.09  NTU. 
Sparge  at  03:00.  Filter  backwash  at  07:25  (dP  to  trigger  backwash  had  been  changed  to  5psi).  Sparge  at  15:00. 

C-32 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

12/29/1 1 

245 

NA 

NA 

CDM  onsite  for  sampling  and  monitoring.  Air  quality  monitoring  showed  no  hydrogen  sulfide  near  the  aeration 
tank  or  inside  the  tank.  Sulfide  odor  was  not  noticeable.  APT  installed  a  new  level  switch  for  the  secondary 
containment  in  the  south  conex  trailer  that  triggers  if  approximately  4  inches  of  standing  water  are  present  and  shuts 
down  the  MBfR  treatment  system.  Sparge  at  03:00.  Rich  installed  the  additional  float  switch.  Filter  backwash 
around  12:00.  Sparge  at  15:00. 

12/30/11 

246 

CA 

MBfRl 

CDM  reduced  C02  feed  pressure  from  106  to  89  psi.  CDM  will  also  be  conducting  air  sampling.  Increased  sodium 
hypo  pump  rate  to  40  spin  and  100  percent  stroke  length  to  increase  chlorine  dose.  Changed  out  bag  filter. 
Determined  that  GAC-2  pressure  gauge  is  not  functioning  properly.  A  replacement  gauge  should  be  ordered.  Sparge 
was  manually  initiated  at  12:10.  Phosphate  concentration  after  increasing  tank  level  reading  was  1.4  ppm-P04. 
Reactors  swapped  positions  at  12am  (Rl  is  in  the  lead).  Sparge  at  03:00.  Sparge  at  12:10.  Filter  backwash  at  17:28. 

12/31/11 

247 

NA 

NA 

Sparge  at  00:00.  Sparge  at  12:00.  Filter  backwash  at  21:23. 

1/1/12 

248 

NA 

NA 

Sparge  at  00:00.  Sparge  at  12:00. 

1/2/12 

249 

NA 

NA 

Sparge  at  00:00.  Filter  backwash  at  04: 1 1.  Sparge  at  12:00. 

1/3/12 

250 

CA 

MBfR2 

CDM  changed  GAC-2  pressure  gauge.  Conducted  air  monitoring.  Chlorine  residual  was  0  ppm  at  the  finished 
water;  after  increasing  tank  level  reading  was  1.5  mg/L  at  the  media  filter  effluent.  Media  filter  backwash  trigger  is 

5  psi  differential  pressure.  Reactors  swapped  positions  at  12am  (R2  is  in  the  lead).  Sparge  at  00:00.  Filter  backwash 
at  07:37.  Sparge  at  15:50.  We  lost  feed  flow  because  the  well  was  off  due  to  containment  alarm  being  engaged.  One 
of  the  CDM-installed  switches  had  a  false-trip  (it  was  from  a  very  high  wind  that  blew  the  secondary  containment 
level  switch).  System  back  up  and  running  at  around  19:20 

1/4/12 

251 

DB 

MBfR2 

APT  on  site  to  switch  out  camera  security  system.  CDM  noticed  low  pFl  on  MBfR2  and  alerted  APT.  The  meter 
was  not  receiving  flow.  Upon  reinstating  flow,  the  pH  stabilized  at  7.1.  The  chlorine  residual  was  2  ppm  at  the 
finished  water,  so  at  10:00  am,  the  sodium  hypo  dosing  pump  flow  rate  was  decreased  to  20  spin  from  30  spm 
(from  5.9  to  4.3  ml/min)  and  the  tank  was  topped  using  media  filter  effluent  water  to  dilute  the  dosing.  After  1  hour 
the  chlorine  residual  was  1 . 1  ppm  at  the  media  filter  effluent  and  after  2  hours  was  1 . 1  ppm  at  the  finished  water. 
CDM  switched  the  GAC-2  pressure  gauge  because  the  range  was  not  sensitive.  No  air  monitoring  collected  today  as 
the  instrument  is  in  the  office  for  data  download.  System  automatically  shut  down  when  secondary  containment 
level  switch  was  accidently  triggered  by  high  winds.  This  shut  down  the  influent  well  and  the  influent  tank  went 
dry.  System  was  down  for  approximately  0.5  hours. 

Sparge  at  03:00.  System  down  due  to  a  High  Level  on  R2  (the  reactor  level  instrument  was  lagging  the  actual  level 
and  it  filled  at  30-35gpm  versus  the  6gpm  the  overflow  manual  valve  is  throttled  to  manage).  System  back  up  and 
running  at  around  7:30.  Filter  backwash  at  12:08.  Sparge  at  15:00.  System  down  due  to  a  High  Level  on  R2.  System 
back  up  and  running  at  around  22:45. 

C-33 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

1/5/12 

252 

NA 

MBfR2 

System  was  shut  down  intermittently  due  to  high  level  switch  on  MBfR  triggering  while  refilling.  System  was  down 
for  0.5  to  1  hour. 

Sparge  at  03:00.  System  down  due  to  a  High  Level  on  R2.  System  back  and  running  at  around  6:40.  Sparge  at 

15:00.  Filter  backwash  at  23:02. 

1/6/12 

253 

DB 

MBfR2 

The  chlorine  residual  was  1.2  ppm  at  the  finished  water  (target  was  0.2  ppm).  Lowered  the  chlorine  dosing  pump  to 
17  spm  at  10:40  am.  After  two  hours  the  finished  water  still  read  above  1  ppm  so  the  tank  was  topped  off  using 
media  filter  effluent  water  and  the  pump  was  lowered  to  15  spm  (3.3  ml/min).  Sparge  at  03:00.  Sparge  at  15:00. 

1/7/12 

254 

NA 

NA 

Reactors  swapped  positions  at  12am  (Rl  is  in  the  lead).  Filter  backwash  at  00:54.  Sparge  at  03:00.  Sparge  at  15:00. 

1/8/12 

255 

NA 

NA 

Sparge  at  03:00.  Filter  backwash  at  13:54.  Sparge  at  15:00. 

1/9/12 

256 

CA 

MBfRl 

Windy  today.  CDM  perfonned  air  monitoring  today.  Weekly  and  duplicate  samples  were  collected.  Air  monitoring 
has  shown  very  little  H2S.  CO  has  had  some  readings  as  high  as  35  ppm,  but  interference  from  hydrogen  could  be 
inflating  readings.  HAAs  bottles  received  at  the  lab  for  finished  water  only.  Sparge  at  03:00.  Sparge  at  15:00.  Filter 
backwash  at  18:37. 

1/10/12 

257 

NA 

NA 

Sparge  at  03:00.  Sparge  at  15:00. 

1/11/12 

258 

DB 

MBfR2 

Final  day  of  steady  state  monitoring.  Sparge  sample  was  collected,  but  media  filter  backwash  sample  was  not 
collected.  The  differential  pressure  was  only  0.4  psi  as  it  was  backwashed  last  night.  APT  on  site  to  clean  and 
calibrate  the  pH  and  ORP  probes,  clean  nitrogen  analyzer.  Collected  4  side-  reactors  and  shipped  to  ASU.  Reactors 
swapped  positions  at  12am  (R2  is  in  the  lead).  Filter  backwash  at  02:06.  Sparge  at  03:00.  Sparge  at  1 1 :56.  Four 
remaining  lab  reactors  were  harvested  and  shipped  to  ASU. 

1/12/12 

259 

DB 

MBfR2 

First  day  of  Challenge  testing,  Test  1.  Turned  off  hydrogen  and  C02  at  4  am  and  turned  them  back  on  at  8  am. 

Took  pH  readings  on  lead  and  lag  at  08: 15  because  online  readings  were  low.  Lead  sample  -  7.07  SU  online  -  6.8 

SU;  Lag  sample  -  7.12  SU  online  6.6  SU.  Temperature  was  19.3  and  20.3  deg  C  at  the  lead  and  lag,  respectively. 

The  lag  sample  at  10:15  was  7.81  and  online  reading  was  7.2  SU.  Collected  media  filter  backwash  sample  at  10:12. 
Sparge  at  03:00.  Filter  backwash  10:10. 

1/13/12 

260 

CA 

MBfR2 

CDM  collected  sample  at  12:30.  Nitrate  and  nitrite  holding  times  were  exceeded  for  Duplicate  1  and  Finished  water 
samples.  Sparge  at  03:00.  Filter  backwash  at  16:40. 

1/14/12 

261 

NA 

NA 

Sparge  at  03:00. 

1/15/12 

262 

NA 

NA 

Reactors  swapped  positions  at  12am  (Rl  is  in  the  lead).  Sparge  at  03:00.  Filter  backwash  at  06:42.  Test  2  of  the 
Challenge  Phase:  Hydrogen  shutoff  for  24  hours  Shut  off  hydrogen  and  C02  from  8am  to  8am  the  next  day). 

Sparge  at  22:07. 

C-34 


Date 

Day 

Operator 

1/16/12 

263 

CA 

1/17/12 

264 

CA 

1/18/12 

265 

DB 

1/19/12 

266 

DB 

1/20/12 

267 

DB 

1/21/12 

268 

NA 

1/22/12 

269 

NA 

1/23/12 

270 

CA 

1/24/12 

271 

CA 

Lead 

Reactor 


MBfRl 


MBfRl 


MBfR2 


Test  2  initiated  on  1/15  at  8:00;  hydrogen,  nitrogen,  and  carbon  dioxide  were  shut  off  for  24  hours.  First  sample 
collected  after  reactor  was  restarted  at  8:32.  CDM  Smith  collected  samples  for  testing  as  well  as  at  the  media  filter 
effluent  and  duplicate  samples.  Filter  aid  is  empty,  APT  was  contacted  for  a  refill.  Sparge  at  09:06. 


CDM  Smith  changed  the  backwash  differential  trigger  level  today  to  1 0  psi  to  delay  backwash  for  sampling. 
Changed  back  to  5  psi  after  sampling  was  completed.  A  media  filter  backwash  was  initiated  at  13:08.  Collected 
weekly  permit  compliance  samples  from  the  outfall  and  GAC  effluent  for  VOCs  at  12:00.  Sparge  at  16:57. 


APT  forgot  to  start  the  filter  aid  pump  so  the  pump  was  restarted  by  CDM  Smith  upon  arrival  at  the  site.  After  the 
filter  aid  was  turned  on,  the  online  turbidity  went  from  0.46  NTU  to  0.09  NTU.  Collected  weekly  permit 
compliance  sample  from  the  outfall  for  perchlorate  at  13:00.  Sparge  at  04:00.  Filter  backwash  at  07:26.  Sparge  at 


Test  3  initiated  at  4  am,  shut  off  entire  system.  At  8  am  CDM  Smith  on  site,  found  leak  from  lag  side-reactor  to 
outside  of  secondary  containment.  The  leak  from  secondary  containment  that  started  in  the  middle  of  the  night.  One 
of  the  tubes  that  fed  the  lag  side  reactor  was  routed  to  discharge  into  the  reactor  using  a  zip-tie.  The  zip-tie  came 
loose  and  water  was  discharged  out  of  secondary  containment.  Received  approval  from  RWQCB,  restarted  system 
around  09:00.  R2  (lag)  was  10  to  20%  full,  R1  (lead)  was  5%  empty.  MBfR  reactors  switched  positions  upon 
restart  so  R2  was  in  lead  -  this  would  allow  it  to  fdl  up  first.  First  sample  for  Test  3  collected  at  09:57,  had  to  refill 
MBfR,  media  filter,  product  tank  etc.,  prior  to  collecting  sample.  CDM  Smith  collected  a  sample  from  impacted 
soil  and  puddled  water  on  the  ground.  Sample  was  collected  fonn  finished  water  at  13:57,  then  a  daily  sparge 
sequence  initiated  at  14:00.  However,  APT  caught  the  sparge  in  time  to  stop  the  process.  The  lag  reactor  did  drain 
down.  APT  restarted  normal  operation  and  filled  reactors  back  up.  Duplicate  samples  were  collected. 

Reactors  swapped  positions  at  12am  (R2  is  in  the  lead).  Sparge  at  02:00.  Turbidity  analyzer  taken  offline  at  12:37. 
Sparge  at  20:34.  Filter  backwash  at  23:42. 


Filter  aid  tank  was  empty  upon  arrival  so  CDM  Smith  turned  off  the  dosing  pump  upon  arrival. 
Sparge  at  08:00.  Sparge  at  20:00. 


Sparge  at  08:00.  Sparge  at  20:00. 


Sparge  at  08:00.  Sparge  at  20:00. 


Test  4  initiated  at  09:44,  entire  system  was  shut  down.  Duplicate  samples  collected  from  the  influent  and  outfall  for 
VOCs.  Monthly  permit  compliance  samples  collected  at  09:00.  Reactors  swapped  positions  at  12am  (Rl  is  in  the 
lead).  Filter  backwash  at  03:10.  Sparge  at  08:00. 


System  restarted  at  09:45.  Samples  and  duplicates  were  collected.  Sparge  at  20:00.  Manual  filter  A  backwash  at 
22:56. 


C-35 


Date 

Day 

Operator 

Lead 

Reactor 

Notes 

1/25/12 

272 

CA 

Last  day  for  system  monitoring.  Sparge  at  08:00.  Samples  were  collected  at  09:15.  APT  shut  down  the  system  at 
09:58  and  CDM  Smith  disconnected  the  gas  cylinders.  At  10: 15  the  system  was  restarted  at  20  gpm  for  a  system 
flush;  at  10:25  flow  was  reduced  to  10  gpm.  Both  media  filters  were  backwashed  at  10:06  (Filter  A)  and  10:25 
(Filter  B).  There  are  two  hydrogen  6-packs  on  site,  one  is  empty  and  the  other  is  partially  full.  CDM  Smith  dropped 
off  samples  at  Test  America  because  currier  was  not  present  for  pick  up  (they  forgot).  Chlorine  residual  at  the 
media  filter  effluent  was  0.2  mg/L  but  the  finished  water  was  0  mg/L. 

Feed  flow  changed  to  5gpm  around  1 1 :45  and  then  to  lOgpm  around  12:30.  Manual  filter  B  backwash  at  16: 1 1. Shut 
entire  system  off  at  17:00. 

C-36 


SYSTEM  MONITORING  DATA 


C-37 


Manual  Data  Collection 


Date  and  Time 


4/20/11  18:00 


4/22/11  8:00 


4/25/11  10:00 


4/28/11  18:40 


4/29/11  11:00 


5/2/11  9:00 


5/4/11  9:30 


5/6/11  9:00 


5/9/11  10:00 


5/11/11  11:00 


5/13/11  9:00 


5/16/11  9:30 


5/18/11  9:00 


5/20/11  8:30 


5/23/11  0:00 


5/25/11  9:00 


5/27/11  10:00 


6/1/11  12:00 


6/3/11  9:00 


6/6/11  8:30 


6/10/11  9:30 


6/13/11  9:30 


6/15/11  10:00 


6/16/11  8:30 


6/20/11  13:10 


6/22/11  10:00 


6/27/1 1  7:30 


7/1/11  0:00 


7/5/2011  7:45 


7/7/11  0:00 


7/11/11  8:30 


7/18/11  8:00 


7/25/11  8:30 


7/29/11  8:00 


8/1/11  9:45 


8/2/11  11:15 


8/5/11  9:00 


Inlet 

Totalizer 


gal 


Outlet 

Totalizer 


gal 


3791700 


Target 

Flow 


Media 

Filter 


Rate  Flow  Rate  Recycle  Rate  Recycle  Rate 


MBfR  1 

MBfR  2 

pH 

pH 

std  units 

std  units 

- 

- 

5.8 

7.8 

8.5 

7.6 

R2 

Sparge 

Rate 

Last  N 

Feed 

Last  N 
(Rl) 

Last  N 

(R2) 

Air 

Flow 

Air  Tank 

Press 

mm 

ppm  (N) 

mg/L-N 

mg/L-N 

scfm 

psig 

1.8 

3.6 

1.7 

3.7 

1.8 

3.5 

1.7 

3.5 

1.7 

3.7 

1.7 

3.6 

1.6 

3.6 

1.6 

3.6 

1.6 

3.5 

1.7 

3.5 

1.6 

3.6 

1.6 

3.6 

1.6 

3.6 

1.7 

3.6 

1.7 

3.6 

1.6 

3.5 

1.7 

3.8 

1.7 

3.8 

1.8 

3.9 

C-38 


Manual  Data  Collection 


Date  and  Time 

Inlet 

Totalizer 

Outlet 

Totalizer 

Target 

Flow 

Rate 

Media 

Filter 

Flow  Rate 

R1  Internal 
Recycle  Rate 

R2  Internal 
Recycle  Rate 

MBfR  1 
pH 

MBfR  2 
pH 

MBfR  1 

ORP 

MBfR  2 

ORP 

R1 

Sparge 

Rate 

R2 

Sparge 

Rate 

Last  N 

Feed 

Last  N 
(Rl) 

Last  N 
(R2) 

Air 

Flow 

Air  Tank 

Press 

gal 

gal 

gpm 

gpm 

gpm 

gpm 

std  units 

std  units 

mV 

mV 

mm 

mm 

ppm  (N) 

mg/L-N 

mg/L-N 

scfm 

psig 

8/8/11  8:30 

5459700 

20 

18 

7.2 

7.2 

-564 

210 

210 

210 

7.57 

0.1 

3.62 

1.7 

3.9 

8/15/11  7:45 

5629100 

18 

18 

7.2 

7.2 

-585 

-46 

280 

280 

6.61 

0.07 

2.49 

1.6 

3.9 

8/17/11  8:30 

5680800 

18 

16 

7.2 

7.2 

-587 

-43 

280 

280 

3.76 

0.23 

2.92 

1.6 

4 

8/19/11  9:00 

5731200 

18 

16 

7.2 

7.2 

-378 

-537 

280 

280 

2.93 

2.8 

0.31 

1.6 

3.9 

8/26/11  8:20 

5812300 

15 

14 

7.2 

7.2 

-340 

-91 

280 

280 

3.08 

0.13 

2.17 

0.5 

5.3 

8/29/11  12:15 

5869600 

15 

14 

7.2 

7.2 

-7 

-350 

280 

280 

2.25 

3.52 

3.4 

3.3 

2.2 

8/31/11  9:00 

5899900 

15 

14 

7.2 

7.2 

-348 

-105 

280 

280 

7.82 

0.19 

1.65 

3.3 

2.2 

9/2/11  13:30 

5942400 

15 

14 

7.2 

7.2 

-331 

-51 

280 

280 

7.78 

0.25 

2.72 

3.2 

2.2 

9/7/11  13:45 

6048200 

15 

14 

7.2 

7.2 

102 

-472 

280 

280 

7.71 

3.82 

0.66 

3.2 

2.2 

9/9/11  10:00 

6078500 

10 

9 

7.2 

7.2 

-288 

-50 

280 

280 

7.93 

0.33 

2.18 

3.3 

2.2 

9/12/11  13:30 

6121600 

10 

9 

7.2 

7.2 

-272 

-452 

280 

280 

7.93 

1.2 

0.91 

3.3 

2.2 

9/14/11  10:30 

6150600 

10 

9 

280 

280 

7.2 

7.2 

-81 

-324 

280 

280 

7.95 

2.26 

0.47 

3.2 

2.2 

9/16/11  9:00 

6184300 

20 

9 

280 

280 

7.2 

7.2 

-247 

-81 

280 

280 

7.78 

0.8 

3.63 

3.2 

2.2 

9/19/11  9:15 

6209200 

5 

4.5 

280 

280 

— 

7.2 

— 

-221 

280 

280 

7.98 

— 

0.31 

3.3 

2.1 

10/3/11  7:00 

6389700 

10 

9 

180 

180 

7.2 

7.2 

-614 

-65 

240 

240 

7.98 

0.03 

2.64 

2.1 

10/5/11  8:30 

6418800 

10 

9 

180 

180 

7.2 

7.2 

-630 

-90 

240 

240 

7.99 

0 

2.24 

3.2 

2 

10/7/11  9:00 

6446800 

10 

9 

180 

180 

7.2 

7.2 

-224 

-422 

240 

240 

8.03 

1.81 

0 

3.2 

2.1 

10/10/11  9:15 

6470800 

5 

4.5 

180 

180 

7.1 

7.2 

-638 

-655 

240 

240 

8.13 

1.56 

0.03 

mss 

2 

10/12/11  9:00 

6484400 

5 

4.5 

180 

180 

7.2 

7.2 

-438 

-245 

240 

240 

8.2 

0.52 

0.15 

3.3 

2.2 

10/14/11  9:00 

6498800 

5 

4.5 

180 

180 

7.2 

7.2 

-440 

-240 

240 

240 

8.17 

1.26 

0.05 

MM 

2 

10/17/11  9:00 

6539000 

10 

4 

150 

180 

7.2 

7.2 

-393 

-22 

240 

240 

8.08 

0.26 

5.5 

3.2 

2.2 

10/19/11  9:00 

6567400 

10 

9 

180 

180 

7.2 

7.2 

-395 

-47 

200 

240 

8.08 

0.02 

3.07 

3.2 

2 

10/21/11  9:00 

6596100 

10 

9 

180 

180 

7.2 

7.2 

-444 

23 

240 

240 

8.09 

0.23 

6.17 

3.2 

2 

10/26/11  8:45 

6666600 

10 

9.5 

180 

180 

7.2 

7.2 

-410 

-208 

240 

240 

8.1 

0.16 

2.63 

3.2 

2 

10/28/11  9:00 

6688500 

10 

9 

150 

180 

7.2 

7.2 

-465 

-134 

240 

240 

8.11 

0.23 

4.29 

3.2 

2 

10/31/11  9:30 

6728000 

10 

9 

150 

180 

7.2 

7.2 

-413 

-243 

240 

240 

8.13 

0.12 

2.77 

3.2 

2 

11/2/11  9:00 

6756700 

10 

9.5 

150 

180 

7.2 

7.2 

-392 

-377 

240 

240 

8.15 

0.4 

0.81 

3.2 

2.1 

11/4/11  8:00 

6785300 

10 

9 

150 

180 

7.2 

7.2 

-404 

-398 

240 

240 

8.1 

0.28 

0.95 

3.1 

2 

11/7/11  9:30 

6827900 

10 

9 

150 

180 

7.2 

7.2 

-390 

-427 

240 

240 

8.1 

0.21 

0.92 

3.2 

2 

11/9/11  8:45 

6855100 

10 

9 

150 

180 

7.2 

7.2 

-601 

-534 

240 

240 

8.12 

0.23 

0.86 

3.2 

2 

11/11/11  8:30 

6883900 

10 

9 

150 

180 

7.2 

7.2 

-606 

-542 

240 

240 

8.14 

0.28 

0.89 

3.2 

2 

11/14/11  8:00 

- 

10 

9 

100 

150 

7.2 

7.2 

-611 

-499 

240 

40 

8.1 

0.16 

1.75 

3.2 

2.1 

11/16/11  8:00 

6944900 

10 

9 

150 

180 

7.2 

7.2 

-580 

-434 

240 

70 

8.12 

0.12 

1.6 

3.2 

2.1 

11/18/11  9:00 

6972300 

10 

9 

150 

180 

7.2 

7.2 

-472 

-440 

240 

240 

8.15 

0 

1.35 

3.2 

2 

11/22/11  10:30 

7019400 

10 

9 

150 

180 

7.2 

7.2 

-469 

-324 

240 

240 

8.12 

0.04 

2.35 

3.2 

2 

11/28/11  9:30 

7088100 

8 

7 

120 

150 

7.2 

7.2 

-514 

-387 

240 

240 

8.22 

0.04 

2.28 

3.2 

2 

11/30/11  10:00 

7108600 

8 

6 

150 

180 

7.2 

7.2 

-309 

-719 

240 

240 

8.24 

1.73 

0 

3.2 

2 

Manual  Dai 

ta  Collection 

Date  and  Time 

Inlet 

Totalizer 

Outlet 

Totalizer 

Target 

Flow 

Rate 

Media 

Filter 

Flow  Rate 

R1  Internal 
Recycle  Rate 

R2  Internal 
Recycle  Rate 

MBfR  1 
pH 

MBfR  2 
pH 

MBfR  1 

ORP 

gal 

gal 

gpm 

gpm 

gpm 

gpm 

std  units 

std  units 

mV 

12/2/11  1:00 

6 

5 

12/5/11  8:40 

7153300 

6 

5 

12/9/11  12:00 

7189400 

6 

5 

120 

150 

7.2 

7.2 

-332 

12/14/11  9:30 

7226000 

6 

5 

120 

150 

7.2 

7.2 

-292 

12/16/11  9:00 

7244100 

6 

3 

120 

150 

7.2 

7.2 

-293 

12/19/11  10:30 

6 

5 

120 

150 

7.2 

7.2 

-487 

12/21/11  8:00 

7285800 

6 

5 

120 

150 

7.2 

7.2 

-465 

12/23/11  9:30 

7304000 

6 

5 

120 

150 

7.2 

7.2 

-267 

12/27/11  8:45 

7339400 

6 

5 

120 

150 

7.2 

7.2 

-446 

12/28/11  9:00 

7348300 

6 

5 

120 

150 

7.2 

7.2 

-442 

12/30/11  9:00 

7366900 

6 

5 

120 

150 

7.2 

7.2 

-245 

1/3/12  10:00 

7405200 

6 

5 

120 

150 

7.2 

7.2 

-452 

1/4/12  9:30 

7409800 

6 

5 

120 

150 

7.2 

7.2 

-245 

1/6/12  9:30 

7425000 

6 

5 

120 

150 

7.2 

7.2 

-408 

1/9/12  9:00 

7451400 

6 

5 

120 

150 

7.2 

7.2 

-247 

1/11/12  9:15 

7468600 

6 

5 

120 

150 

7.2 

7.2 

-476 

1/12/12  8:30 

7477200 

6 

5 

90 

150 

6.6 

6.8 

-189 

1/13/12  12:00 

7487400 

6 

5 

120 

150 

7.2 

7.2 

-410 

1/16/12  8:20 

7513600 

6 

5 

90 

150 

6.5 

6.4 

-46 

1/17/12  11:30 

7521200 

6 

5 

90 

150 

7.9 

7.2 

-217 

1/18/12  12:45 

7530200 

6 

5 

90 

150 

7.2 

7.2 

-290 

1/19/12  8:00 

7535700 

6 

5 

90 

150 

7.2 

7.2 

-563 

1/20/12  12:30 

7545600 

6 

5 

90 

150 

7.2 

7.2 

-455 

1/23/12  9:00 

system  monitoring  data  not  collected  to  shut  down  system  for  1 

fest  4  as  early  as  possi 

?le 

1/25/12  9:15 

7579400 

6 

5 

90 

150 

7.1 

7.2 

-201 

C-40 


MBfR  2 
ORP 


mV 


R2 

Sparge 

Rate 

Last  N 

Feed 

Last  N 
(Rl) 

Last  N 
(R2) 

Air 

Flow 

Air  Tank 

Press 

mm 

ppm  (N) 

mg/L-N 

mg/L-N 

scfm 

psig 

-698 

240 

240 

8.25 

1.3 

0.18 

3.2 

2 

-661 

240 

240 

8.03 

1.62 

0.24 

3.2 

2 

-704 

240 

240 

8.03 

1.62 

0.08 

3.2 

2 

-1000 

240 

240 

8.31 

0.42 

0.165 

3.2 

2 

-389 

240 

240 

8.29 

0.04 

1.77 

3.1 

2 

-621 

240 

240 

8.32 

1.58 

0.13 

3.2 

2 

-865 

240 

240 

8.32 

0.06 

1.68 

3.2 

2 

-951 

240 

240 

8.33 

0.1 

1.53 

3.1 

2 

-641 

240 

240 

8.3 

1.38 

0.64 

3.2 

2 

-901 

240 

240 

8.38 

0.35 

1.5 

3.2 

2 

-838 

240 

240 

8.38 

0.57 

1.33 

3.2 

2 

-323 

240 

240 

8.38 

0 

1.56 

3.1 

2.2 

-688 

240 

240 

8.4 

1.41 

0.07 

3.2 

2.1 

-193 

240 

240 

8.39 

0.06 

3.08 

3 

2.1 

-37 

240 

240 

8.36 

5.36 

7.49 

3.1 

2 

-315 

240 

240 

8.36 

0.04 

2.21 

3.2 

2.1 

-22 

240 

240 

8.3 

8.2 

7.93 

3.2 

2.1 

-640 

240 

240 

8.33 

1.67 

0.02 

3.2 

2.1 

-628 

240 

240 

8.34 

1.28 

0.11 

3.1 

2 

-189 

240 

240 

8.35 

0.06 

3.33 

3.2 

2.1 

-230 

240 

240 

8.36 

0 

2.76 

3.1 

2 

C-41 


Date  and  Time 


9/14/2011 


9/16/2011  14:45 


9/19/2011  11:00 


10/7/2011  3:00 


10/12/2011  1:00 


10/14/2011  12:15 


10/17/2011  2:00 


10/19/2011  9:30 


10/21/2011  10:30 


10/26/2011  9:00 


10/28/2011  11:30 


10/31/2011  9:00 


11/2/2011  9:00 


11/4/2011  11:30 


11/7/2011  9:30 


11/9/2011  8:45 


11/11/2011  8:30 


11/14/2011  8:00 


11/16/2011  8:00 


11/18/2011  9:30 


11/22/2011  10:30 


11/28/2011  1:05 


11/30/2011  12:00 


12/2/2011  1:30 


12/9/2011  12:00 


12/14/2011  11:30 


12/16/2011  3:00 


12/19/2011  2:15 


12/21/2011  10:00 


12/23/2011  10:00 


12/27/2011  9:30 


12/29/2011  10:00 


12/30/2011  13:15 


1/3/2012  14:15 


1/4/2012  11:00 


1/6/2012  12:00 


1/9/2012  13:45 


Initial  NaOCl 
Tank  Level 


gal 


Manual  Data  Collection 


Desired  NaOCl  NaOCl  Stock  Volume  Water 
Feed  Rate  Added  Added 


ml/min 


22.75 


Final  NaOCl 
Tank  Level 


gal 


NaOCl 

Concentration 

NaOCl 

in  Tank 

Dose 

mg/L-Cl 

mg/L-Cl 

12,154 

2.7 

10,902 

OC 

’’sf 

10,902 

2.8 

18,149 

4.00 

18,149 

4.00 

18,149 

4.00 

18,759 

3.25 

18,759 

3.25 

18,759 

3.25 

18,759 

3.25 

15,170 

3.34 

15,170 

3.34 

15,170 

3.34 

15,170 

3.34 

15,170 

3.34 

15,170 

3.34 

14,452 

3.18 

14,452 

3.18 

14,452 

3.18 

14,452 

3.18 

14,513 

3.23 

14,513 

3.23 

14,531 

3.78 

7,848 

2.45 

7,848 

2.45 

7,848 

2.45 

7,661 

2.39 

7,661 

2.39 

7,661 

2.39 

4,597 

1.43 

4,597 

1.43 

3,218 

1 

3,218 

1 

5,143 

1.6 

4,801 

1.1 

4,480 

0.78 

4,480 

0.78 

C-42 


Manual  Data  Col 

[lection 

Initial  NaOCl 

Desired  NaOCl 

NaOCl  Stock 

Volume  Water 

Final  NaOCl 

NaOCl 

Concentration 

NaOCl 

Tank  Level 

Feed  Rate 

Added 

Added 

Tank  Level 

in  Tank 

Dose 

Date  and  Time 

gal 

ml/min 

gal 

gal 

gal 

mg/L-Cl 

mg/L-Cl 

1/11/2012  10:00 

24 

3.3 

- 

- 

24 

4,480 

0.78 

1/12/12  8:30 

- 

- 

- 

- 

- 

4,480 

0.78 

1/13/2012  13:15 

20 

3.3 

- 

- 

20 

4,480 

0.78 

1/16/2012  13:30 

18 

3.3 

- 

- 

18 

4,480 

0.78 

1/17/2012 

17 

3.3 

- 

- 

17 

4,480 

0.78 

1/18/12  12:45 

- 

- 

- 

- 

- 

4,480 

0.78 

1/19/12  8:00 

- 

- 

- 

- 

- 

4,480 

0.78 

1/20/2012  13:00 

15 

- 

- 

- 

15 

4,480 

0.78 

1/25/12  9:15 

- 

- 

- 

- 

- 

4,480 

0.78 

C-43 


Date  and  Time 


4/28/11  18:40 


4/29/11  11:00 


5/2/1 1  9:00 


5/4/11  9:30 


5/6/11  9:00 


5/9/11  10:00 


5/11/11  11:00 


5/13/11  9:00 


5/16/11  9:30 


5/18/11  9:00 


5/20/11  8:30 


5/23/1 1  0:00 


5/25/11  9:00 


5/27/11  10:00 


5/31/11  12:00 


6/1/11  12:00 


6/3/11  9:00 


6/6/11  8:30 


6/10/11  9:30 


6/13/11  9:30 


6/15/11  10:00 


6/16/11  8:30 


6/20/11  13:10 


6/22/11  10:00 


6/27/1 1  7:30 


7/1/11  9:00 


7/5/2011  8:05 


7/7/1 1  9:00 


7/11/11  9:00 


7/18/2011  13:00 


7/25/2011  9:00 


7/29/2011  9:30 


8/1/2011  17:00 


8/5/2011  9:00 


8/8/2011  9:30 


8/15/2011  8:30 


8/17/2011  9:15 


Initial 
Phosphate 
Tank  Level 


gal 


5 


Desired 
Phosphate 
Feed  Rate 


ml/min 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Phosphate 

Stock 

Added 


ml 


Volume 

Water 

Added 


Final 

Phosphate 
Tank  Level 


gal 


5 


Manual  Data  Collection 


Media  Filter 

Inlet  Pressure 

Media  Filter 

Outlet 

Pressure 

Bag 

Filter  dP 

Cylinder 

Pressure 

1 

n2 

Pressure 

co2 

Cylinder 

Pressure 

GAC-1 

Pressure 

GAC-2 

Pressure 

IX 

Pressure 

Turbidity 
(on  line) 

Turbidity 
(in  field) 

psi 

psi 

psi 

psig 

psig 

psi 

psi 

psi 

psi 

NTU 

NTU 

19.00 

17.50 

bypass 

bypass 

1700 

160 

90 

92 

169 

34 

92 

192 

82 

93 

168 

83 

91 

95 

63 

10.2 

7.5 

11.9 

7.5 

11.8 

6.2 

92 

169 

90 

17 

16 

92 

177 

89 

18 

14 

91 

182 

33 

16 

12 

C-44 


Manual  Data  Collection 


Date  and  Time 


8/19/2011  14:00 


8/26/2011  8:30 


8/29/2011  12:15 


8/31/2011  9:00 


9/2/2011  13:30 


9/7/2011  13:45 


9/9/2011  14:45 


9/12/11  13:45 


9/14/2011 


9/16/2011  14:45 


9/19/2011  11:00 


10/3/2011  7:30 


10/5/11  8:30 


10/7/2011  3:00 


10/10/2011  9:30 


10/12/2011  1:00 


10/14/2011  2:30 


10/17/2011  1:40 


10/19/2011  9:30 


10/21/2011  13:00 


10/26/2011  2:00 


10/28/2011  9:00 


10/31/2011  1:00 


11/2/2011  11:30 


11/4/2011  11:30 


11/7/2011  9:30 


11/9/2011  8:45 


11/11/2011  8:30 


11/14/2011  8:00 


11/16/2011  9:00 


11/18/2011  1:00 


11/22/2011  2:15 


11/28/2011  1:00 


11/30/2011  12:00 


12/2/2011  1:30 


12/5/2011  8:40 


12/9/2011  12:00 


Initial 
Phosphate 
Tank  Level 


gal 


2 


3.9 


2 


Desired 
Phosphate 
Feed  Rate 

Phosphate 

Stock 

Added 

Volume 

Water 

Added 

ml/min 

ml 

gal 

2 

520 

3 

2 

0 

0 

2 

350 

3 

2 

0 

0 

2 

250 

2.2 

2 

150 

3.2 

2 

120 

1.5 

2 

160 

2 

Final 

Phosphate 
Tank  Level 


gal 


5.1 


3.9 


5.1 


Media  Filter 

Inlet  Pressure 

Media  Filter 

Outlet 

Pressure 

psi 

psi 

13.8 

6.3 

9 

5 

10 

5.1 

7.1 

5.1 

7.5 

5 

9.5 

5 

5.7 

2.1 

2.6 

2.1 

3 

2.2 

7.5 

2.2 

10.9 

1.7 

10.2 

1.5 

2.6 

1.5 

2.3 

1.5 

2.7 

1.3 

Bag 

Filter  dP 


C-45 


Cylinder 

co2 

Pressure 

n2 

Cylinder 

1 

Pressure 

Pressure 

psig 

psig 

psi 

90 

175 

80 

90 

172 

82 

60 

60 

91 

172 

59 

90 

175 

80 

91 

175 

105 

91 

175 

73 

91 

175 

72 

90 

175 

75 

90 

161 

75 

90 

179 

70 

91 

143 

91 

90 

144 

90 

90 

142 

90 

91 

184 

89 

89 

180 

89 

90 

153 

88 

88 

141 

87 

91 

149 

88 

89 

142 

87 

88 

147 

88 

88 

137 

88 

88 

160 

88 

91 

153 

88 

91 

127 

88 

88 

156 

87 

88 

155 

87 

91 

147 

88 

91 

160 

89 

88 

169 

91 

88 

144 

88 

91 

144 

87 

91 

157 

88 

88 

168 

87 

GAC-1  GAC-2  IX  Turbidity  Turbidity 
Pressure  Pressure  Pressure  (on  line)  (in  field) 


psi  psi  psi  NTU  NTU 


16  11  4.2 


18  14  3.2 


Manual  Data  Collection 


Initial 
Phosphate 
Tank  Level 

Desired 
Phosphate 
Feed  Rate 

Phosphate 

Stock 

Added 

Volume 

Water 

Added 

Final 

Phosphate 
Tank  Level 

Media  Filter 

Inlet  Pressure 

Media  Filter 

Outlet 

Pressure 

Bag 

Filter  dP 

Cylinder 

Pressure 

1 

n2 

Pressure 

co2 

Cylinder 

Pressure 

GAC-1 

Pressure 

GAC-2 

Pressure 

IX 

Pressure 

Turbidity 
(on  line) 

Turbidity 
(in  field) 

Date  and  Time 

gal 

ml/min 

ml 

gal 

gal 

psi 

psi 

psi 

psig 

psig 

psi 

psi 

psi 

psi 

NTU 

NTU 

12/14/2011  11:30 

0.5 

2 

220 

4.5 

5 

2.5 

1.5 

4 

91 

123 

88 

5 

3 

1 

0.2 

0.2 

12/15/11  10:00 

3 

6.5 

4.5 

1 

12/16/2011  2:45 

3.5 

2 

- 

- 

3.5 

2.9 

1.3 

4 

91 

123 

70 

4 

1 

0.56 

0.57 

12/19/2011  2:00 

1 

2 

200 

4 

5 

7.1 

1.5 

4 

8 

127 

83 

5 

1 

0.63 

0.66 

12/21/2011  10:00 

3.4 

2 

- 

- 

3.4 

5.4 

1.6 

2 

90 

138 

95 

1 

0.3 

0.12 

0.39 

12/23/2011  10:00 

2.7 

2 

300 

2.3 

5 

0 

0.4 

2 

89 

143 

89 

1 

0.5 

0.43 

0.08 

12/27/2011  12:30 

1.8 

2 

100 

3.2 

5 

2.9 

1.6 

2 

88 

148 

110 

1 

0.8 

0.44 

0.14 

12/28/2011  9:00 

4.3 

2 

- 

- 

4.3 

1.1 

1.6 

2 

90 

143 

110 

0 

0.8 

0.46 

0.09 

12/30/2011  13:00 

1.5 

2 

250 

3.5 

5 

5.2 

2.3 

5 

91 

146 

106 

10 

1 

0.17 

0.17 

1/3/2012  13:45 

1.25 

2 

325 

3.75 

5 

2.1 

2.3 

4 

91 

142 

93 

11 

1.3 

0.22 

0.21 

1/4/2012  12:00 

4 

2 

- 

- 

4 

5.7 

2.2 

2 

89 

138 

90 

9.1 

1.2 

0.89 

0.52 

1/6/2012  12:00 

2.5 

2 

150 

2.5 

5 

3.7 

2.5 

2 

89 

149 

88 

10 

1.2 

0.44 

0.13 

1/9/2012  13:30 

2.2 

2 

150 

2.3 

4.5 

5.5 

2.4 

2 

91 

143 

92 

10 

1.5 

0.12 

0.13 

1/11/2012  10:00 

3.1 

2 

- 

- 

3.1 

2.6 

2.3 

88 

136 

90 

0.45 

0.07 

1/12/12  8:30 

- 

- 

- 

- 

- 

7.5 

2.3 

88 

139 

90 

0.54 

0.15 

1/13/2012  13:00 

1.5 

2 

150 

3.5 

5 

6.3 

2.3 

4 

91 

133 

92 

11 

1.6 

0.13 

0.14 

1/16/2012  14:45 

2.5 

2 

150 

2.5 

5 

4.4 

2.2 

4 

92 

134 

91 

12 

1.7 

0.06 

0.06 

1/17/2012  12:00 

4.5 

2 

- 

- 

4.5 

6.4 

2.2 

90 

132 

92 

0.12 

0.12 

1/18/12  12:45 

- 

- 

- 

- 

- 

2.2 

2.8 

88 

132 

90 

0.87 

0.09 

1/19/2012  13:45 

2.4 

2 

- 

- 

2.4 

6.4 

2.6 

2 

90 

138 

90 

12 

1.1 

0.66 

0.23 

1/20/2012  13:00 

1.7 

2 

100 

3.3 

2.4 

4.5 

2.8 

90 

133 

90 

0.63 

1/25/12  9:15 

- 

- 

- 

- 

- 

1.6 

2.3 

90 

132 

91 

C-46 


FIELD  SAMPLE  RESULTS 


C-47 


Time 

Target  Flow 
Rate 

Days 

gpm 

4/20/2011 

4/21/2011 

4/22/2011 

4/25/2011 

4/28/2011 


4/29/2011  1  5 


5/2/2011  4  5 


5/4/2011  6  5 


5/6/2011  8  5 


5/9/2011  11  5 


5/11/2011  13  5 


5/13/2011  15  8 


5/16/2011  18  10 


5/18/2011  20  10 


5/20/2011  22  10 


5/23/2011  25  8 


5/25/2011  27  8 


5/27/2011  29  8 


6/1/2011  34  10 


6/3/2011  36  10 


6/6/2011  39  12 


6/10/2011  43  12 


6/13/2011  46  12 


6/16/2011  49  12 


6/20/2011  53  12 


6/27/2011  60  12 


7/5/2011  68  16 


7/11/2011  74  16 


7/18/2011  81  10 


7/25/2011  88  20 


7/29/2011  92 


8/1/2011  95  22 


8/2/2011  96 


8/5/2011  99 


8/8/2011  102  20 


8/15/2011  109  18 


8/17/2011  111  18 


8/19/2011  113  18 


MBfR  Influent 


l-48 


Date 


Time 


Target  Flow 
Rate 


8/26/2011 

8/31/2011 

9/2/2011 

9/7/2011 

9/9/2011 

9/12/2011 

9/14/2011 

9/16/2011 

9/19/2011 

10/3/2011 

10/5/2011 

10/7/2011 

10/10/2011 

10/12/2011 

10/14/2011 

10/17/2011 

10/19/2011 

10/21/2011 

10/26/2011 

10/28/2011 

10/31/2011 

11/2/2011 

11/4/2011 

11/7/2011 

11/9/2011 

11/11/2011 

11/14/2011 

11/16/2011 

11/18/2011 

11/22/2011 

11/28/2011 

11/30/2011 

12/2/2011 

12/5/2011 

12/9/2011 

12/14/2011 

12/16/2011 

12/19/2011 


Days 

120 

125 

127 

132 

134 

137 

139 

141 

144 

158 

160 

162 

165 

167 

169 

172 

174 

176 

181 

183 

186 

188 

190 

193 

195 

197 

200 

202 

204 

208 

214 

216 

218 

221 

226 

230 

232 

235 


gpm 

15 

15 

15 

15 

10 

10 

10 

20 

5 

10 

10 

10 

5 

5 

5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

8 

8 

6 
6 
6 
6 
6 
6 


PH 

std  unit 

7.65 

7.52 
7.64 
7.59 
7.54 

7.5 

7.64 
7.63 
7.67 
7.48 
7.67 
7.35 
7.42 
7.69 

1.6 
1.51 
7.38 

1.51 
7.63 

7.65 
1.13 

7.51 
7.44 

7.53 
7.62 
7.34 


Temp 

°C 

19.6 
19.9 
19.9 

19.2 
19 

19 

19.8 

18.9 
24 

18.6 
18.6 

19.1 

19.9 

20.1 

20 

19.3 

18.9 
18.8 
18.9 
19.3 

19.5 
19 

18.5 

18.6 
18.8 

19 


7.53 

7.56 

7.35 

7.55 


18.5 

18.8 

19.1 

19.2 


7.29 

1.21 

7.15 


17.9 

17.7 

18.4 


ORP 

mV 

433 

175 

454 

60 

135 

110 

-20 

130 

86 

130 

179 

135 

140 

70 


171 


95 

246 

100 

90 

130 

301 

432 

180 


120 

80 

340 

372 


70 

50 

70 


-49 


Date 

Time 

Target  Flow 
Rate 

MBfR  Influent 

pH 

Temp 

ORP 

DO 

Nitrate  +  Nitrite 

Nitrite 

Nitrate 

Sulfide 

Turbidity 

Days 

gpm 

std  unit 

°C 

mV 

mg/L 

mg/L  -  N 

mg/L  -  N 

mg/L  -  N 

mg/L 

NTU 

12/21/2011 

237 

6 

7.61 

18.2 

374 

9 

8 

0 

8 

0 

0.065 

12/23/2011 

239 

6 

7.64 

18.6 

184 

9 

9 

0 

9 

0 

0.069 

12/27/2011 

243 

6 

7.58 

18.4 

402 

9 

9 

0 

9 

0 

0.087 

12/28/2011 

244 

6 

7.55 

18.9 

188 

9 

9 

0 

9 

0 

0.069 

12/30/2011 

246 

6 

7.39 

18.1 

80 

8 

8.75 

0 

8.75 

0 

0.264 

1/3/2012 

250 

6 

7.49 

18.3 

90 

8.5 

8.7 

0 

8.7 

0 

0.192 

1/4/2012 

251 

6 

7.54 

19.6 

368 

9 

9 

0 

9 

0 

0.105 

1/6/2012 

253 

6 

7.63 

19.2 

90 

9 

9 

0 

9 

0 

0.12 

1/9/2012 

256 

6 

7.44 

18.8 

140 

8.5 

8.75 

0 

8.75 

0 

0.199 

1/11/2012 

258 

6 

7.6 

18.6 

167 

9 

8.5 

0 

8.5 

0 

0.12 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/16/2012 

263 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/19/2012 

266 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/24/2012 

271 

6 

1/25/2012 

272 

6 

C-50 


Date 


4/20/2011 

4/21/2011 

4/22/2011 

4/25/2011 

4/28/2011 

4/29/2011 

5/2/2011 

5/4/2011 

5/6/2011 

5/9/2011 

5/11/2011 

5/13/2011 

5/16/2011 

5/18/2011 

5/20/2011 

5/23/2011 

5/25/2011 

5/27/2011 

6/1/2011 

6/3/2011 

6/6/2011 

6/10/2011 

6/13/2011 

6/16/2011 

6/20/2011 

6/27/2011 

7/5/2011 

7/11/2011 

7/18/2011 

7/25/2011 

7/29/2011 

8/1/2011 

8/2/2011 

8/5/2011 

8/8/2011 

8/15/2011 

8/17/2011 

8/19/2011 


Lead  Reactor  (SP-100) 


ORP 

DO 

Nitrate  +  Nitrite 

Nitrite 

Nitrate 

Phosphate 

Sulfide 

mV 

mg/L 

mg/L  -  N 

mg/L  -  N 

mg/L  -  N 

mg/L  -  P04 

mg/L 

-424 

2 

7.5 

0 

7.5 

-618 

0.35 

0 

0 

0 

-17 

3 

7 

0 

-170 

0.9 

6 

0.6 

88 

0 

2.4 

0 

-260 

0.2 

1 

0.1 

-235 

0.7 

0.3 

0.4 

-70 

0 

1.2 

0 

-261 

0.2 

6.25 

3 

-370 

0.15 

7 

3 

-280 

0.15 

7 

3 

-186 

5.5 

6.5 

1.75 

-417 

0.15 

6 

3 

-280 

0.15 

5 

1.2 

-440 

0.15 

6 

3 

-331 

0.15 

7 

0.8 

-460 

0.1 

5 

0.75 

-376 

0.15 

5.6 

1 

-320 

0.15 

6 

1.5 

-335 

0.15 

8 

2.2 

-282 

0.5 

8 

1.5 

-120 

0.4 

6 

1.7 

-150 

0.5 

7.5 

1.6 

-160 

0.35 

7.5 

1.1 

-190 

0.9 

-350 

0.8 

-360 

1.5 

-322 

0.8 

-51 


Date 

Time 

Target  Flow 
Rate 

Days 

gpm 

8/26/2011 

120 

15 

8/31/2011 

125 

15 

9/2/2011 

127 

15 

9/7/2011 

132 

15 

9/9/2011 

134 

10 

9/12/2011 

137 

10 

9/14/2011 

139 

10 

9/16/2011 

141 

20 

9/19/2011 

144 

5 

10/3/2011 

158 

10 

10/5/2011 

160 

10 

10/7/2011 

162 

10 

10/10/2011 

165 

5 

10/12/2011 

167 

5 

10/14/2011 

169 

5 

10/17/2011 

172 

10 

10/19/2011 

174 

10 

10/21/2011 

176 

10 

10/26/2011 

181 

10 

10/28/2011 

183 

10 

10/31/2011 

186 

10 

11/2/2011 

188 

10 

11/4/2011 

190 

10 

11/7/2011 

193 

10 

11/9/2011 

195 

10 

11/11/2011 

197 

10 

11/14/2011 

200 

10 

11/16/2011 

202 

10 

11/18/2011 

204 

10 

11/22/2011 

208 

10 

11/28/2011 

214 

8 

11/30/2011 

216 

8 

12/2/2011 

218 

6 

12/5/2011 

221 

6 

12/9/2011 

226 

6 

12/14/2011 

230 

6 

12/16/2011 

232 

6 

12/19/2011 

235 

6 

Post  Phosphate 
Injection 


Phosphate 


mg/L  -  P04 


2.5 


1.4 


2 


1.4 


pH 


std  unit 


7.47 


7.46 


7.56 


7.65 


7.43 


7.65 


7.48 


7.42 


7.40 


7.4 


7.58 


7.6 


7.59 


7.42 


7.2 


7.16 


7.27 


7.23 


7.32 


7.27 


7.15 


7.56 


7.61 


7.57 


7.36 


7.44 


Temp 


C 


21.6 


20.7 


21.5 


21.8 


22.3 


21.9 


22.2 


20 


25.1 


19.8 


19.6 


19.5 


21.5 


22.4 


22.5 


21.1 


20.9 


20.4 


20.4 


20.9 


21.5 


20.5 


20 


20.6 


20.9 


21.2 


Lead  Reactor  (SP-100) 


DO 

Nitrate  +  Nitrite 

Nitrite 

Nitrate 

mg/L 

mg/L  -  N 

mg/L  -  N 

mg/L  -  N 

0.9 

3.3 

0.75 

2.55 

1.5 

2.2 

0.4 

1.8 

1.5 

3 

0.6 

2.4 

0.9 

4.1 

0.6 

3.5 

2.5 

2.8 

0.4 

2.4 

0.7 

1.6 

0.2 

1.4 

0.9 

3 

0.75 

2.25 

1.5 

4.5 

0.75 

3.75 

0.25 

0.5 

0.1 

0.4 

0.2 

3.8 

0.8 

3 

0.15 

2.1 

0.75 

1.35 

0.2 

2.8 

0.75 

2.05 

0.3 

2.2 

0.25 

1.95 

0.2 

0.8 

0.25 

0.55 

0.25 

0.4 

0.2 

0.2 

0.4 

7.5 

1.8 

5.7 

0.3 

2.8 

0.25 

2.55 

0.5 

7 

2 

5 

0.15 

5.25 

2 

3.25 

0.2 

6 

4 

2 

0.25 

3.3 

2 

1.3 

0.4 

1.2 

0.6 

0.6 

0.4 

1.6 

0.5 

1.1 

0.25 

1.75 

0.6 

1.15 

0.15 

1.6 

0.6 

1 

0.4 

1.4 

0.6 

0.8 

Sulfide 


mg/L 


0 


0 


0 


0 


0 


0 


0 


0 


0.1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0.3 

1.75 

0.75 

1 

0.8 

2 

0.6 

1.4 

0.3 

3.2 

1.1 

2.1 

0.35 

2.2 

0.6 

1.6 

0.6 

1.8 

0 

1.7 

0.5 

1.3 

Date 

Time 

Target  Flow 
Rate 

Post  Phosphate 
Injection 

Lead  Reactor  (SP-100) 

Phosphate 

pH 

Temp 

ORP 

DO 

Nitrate  +  Nitrite 

Nitrite 

Nitrate 

Phosphate 

Sulfide 

Days 

gpm 

mg/L  -  P04 

std  unit 

°C 

mV 

mg/L 

mg/L  -  N 

mg/L  -  N 

mg/L  -  N 

mg/L  -  P04 

mg/L 

12/21/2011 

237 

6 

7.66 

19 

-511 

0.25 

2 

0.75 

1.25 

0 

12/23/2011 

239 

6 

0.15 

7.77 

19.1 

-514 

0.35 

2 

0.8 

1.2 

0.6 

12/27/2011 

243 

6 

1.5 

7.63 

19.4 

-521 

0.25 

2.25 

0.85 

1.4 

0 

12/28/2011 

244 

6 

1.4 

7.47 

20.2 

-493 

0.2 

2.1 

0.85 

1.25 

0 

12/30/2011 

246 

6 

1.2 

7.55 

20.3 

-490 

0.3 

1.8 

0.6 

1.2 

0 

1/3/2012 

250 

6 

1.3 

7.63 

21.1 

-440 

0.1 

2.1 

0.75 

1.35 

0 

1/4/2012 

251 

6 

1.3 

7.33 

20.9 

-487 

0.15 

1.6 

0.85 

0.75 

0 

1/6/2012 

253 

6 

2.5 

7.52 

20.3 

-402 

0.3 

2.25 

0.9 

1.35 

0 

1/9/2012 

256 

6 

1.5 

7.52 

20.4 

-353 

0.3 

1.5 

0.3 

1.2 

0 

1/11/2012 

258 

6 

1.5 

7.43 

19.8 

8 

0.3 

1.4 

2 

-0.6 

0 

1/12/2012 

259 

6 

1.5 

1/13/2012 

260 

6 

1.2 

1/16/2012 

263 

6 

1.7 

1/17/2012 

264 

6 

2 

1/18/2012 

265 

6 

1.2 

1/19/2012 

266 

6 

2 

1/20/2012 

267 

6 

1.8 

1/23/2012 

270 

6 

1/24/2012 

271 

6 

1/25/2012 

272 

6 

1.8 

C-53 


4/20/2011 


4/21/2011 


4/22/2011 


4/25/2011 


4/28/2011 


4/29/2011 


5/2/2011 


5/4/2011 


5/6/2011 


5/9/2011 


5/11/2011 


5/13/2011 


5/16/2011 


5/18/2011 


5/20/2011 


5/23/2011 


5/25/2011 


5/27/2011 


6/1/2011 


6/3/2011 


6/6/2011 


6/10/2011 


6/13/2011 


6/16/2011 


6/20/2011 


6/27/2011 


7/5/2011 


7/11/2011 


7/18/2011 


7/25/2011 


7/29/2011 


8/1/2011 


8/2/2011 


8/5/2011 


8/8/2011 


8/15/2011 


8/17/2011 


8/19/2011 


Time 

Target  Flow 
Rate 

Days 

gpm 

Lag  Reactor  (SP-200) 


pH  Temp  ORP  DO  Nitrate  +  Nitrite 


std  unit  °C  mV  mg/L  mg/L  -  N 


Nitrite  Nitrate  Phosphate  Sulfide 


mg/L  -  N  mg/L  -  N  mg/L  -  P04  mg/L 


MBfR  Solids 

Lead  1st 

MBfR  Solids 

LEAD  2nd 

MBfR  Solids 
Lag  1st 

MBfR  Solids 
Lag  2nd 

Turbidity 

Turbidity 

Turbidity 

Turbidity 

NTU 

NTU 

NTU 

NTU 

5.83 

19.7 

-453 

0.8 

7.5 

0 

7.5 

8.73 

23.5 

-565 

0.25 

3.2 

2 

1.2 

5 

7.65 

20.9 

-127 

3 

5 

6.58 

20.3 

-103 

3 

5 

6.75 

23.5 

-210 

3 

5 

6.73 

21.3 

-205 

3.5 

5 

6.25 

19 

-190 

3 

5 

6.42 

18.8 

-170 

1.5 

8 

7.65 

20.3 

-565 

0.02 

10 

7.41 

19 

-552 

0.05 

10 

7.33 

19 

-530 

0.1 

10 

7.74 

19.3 

-375 

2.5 

8 

7.58 

19.5 

-560 

0.05 

8 

7.52 

20 

-452 

0.05 

8 

7.47 

20.9 

-583 

0 

10 

7.56 

20.2 

-495 

0 

10 

7.55 

20.4 

-570 

0.05 

12 

7.47 

20.3 

-545 

0 

12 

7.54 

20.3 

-540 

0 

12 

7.51 

20.5 

-570 

0 

12 

7.53 

20.6 

-526 

0 

C-54 


Date 

Time 

Target  Flow 
Rate 

Days 

gpm 

8/26/2011 

120 

15 

8/31/2011 

125 

15 

9/2/2011 

127 

15 

9/7/2011 

132 

15 

9/9/2011 

134 

10 

9/12/2011 

137 

10 

9/14/2011 

139 

10 

9/16/2011 

141 

20 

9/19/2011 

144 

5 

10/3/2011 

158 

10 

10/5/2011 

160 

10 

10/7/2011 

162 

10 

10/10/2011 

165 

5 

10/12/2011 

167 

5 

10/14/2011 

169 

5 

10/17/2011 

172 

10 

10/19/2011 

174 

10 

10/21/2011 

176 

10 

10/26/2011 

181 

10 

10/28/2011 

183 

10 

10/31/2011 

186 

10 

11/2/2011 

188 

10 

11/4/2011 

190 

10 

11/7/2011 

193 

10 

11/9/2011 

195 

10 

11/11/2011 

197 

10 

11/14/2011 

200 

10 

11/16/2011 

202 

10 

11/18/2011 

204 

10 

11/22/2011 

208 

10 

11/28/2011 

214 

8 

11/30/2011 

216 

8 

12/2/2011 

218 

6 

12/5/2011 

221 

6 

12/9/2011 

226 

6 

12/14/2011 

230 

6 

12/16/2011 

232 

6 

12/19/2011 

235 

6 

Lag  Reactor  (SP-200) 


pH  Temp  ORP  DO  Nitrate  +  Nitrite  Nitrite 


std  unit  °C  mV  mg/L  mg/I.  -  N  mg/L  -  N 


7.86  23  -540  0.15  0.1  0 


7.81  22  -540  0.1  0.4  0 


7.7  22.7  -550  0.1  0  0.05 


7.6  23.5  -515  0.1  0.8  0.1 


7.65  24.2  -520  0.15  0.1  0 


7.38  23.9  -390  0.2  0  0 


7.37  24.2  -293  0.1  0  0.1 


7.53  21.1  -430  0.2  0.8  0.4 


Nitrate  |  Phosphate 


mg/L  -  N  mg/L  -  P04 


0.1 


0.4 


0 


0.7 


0.1 


0 


-0.1 


0 

0.4 

0 

0.4 

0.05 

0 

0 

0 

0.05 

0.2 

0 

0.2 

0 

0 

0 

0 

0.05 

0 

0 

0 

0.05 

0 

0 

0 

0.1 

0.7 

0.4 

0.3 

0.1 

0 

0 

0 

0.1 

0.6 

0.4 

0.2 

0.1 

0.3 

0.1 

0.2 

0.1 

0.5 

0.5 

0 

0.1 

0.1 

0.1 

0 

0.1 

0 

0 

0 

0.2 

0 

0 

0 

0.1 

0 

0 

0 

0.1 

0 

0 

0 

0.25 

0 

0 

0 

Sulfide 


mg/L 


0.4 


0 


0.6 


0.3 


0.8 


2 


1 


0.05 


MBfR  Solids 

Lead  1st 

MBfR  Solids 

LEAD  2nd 

MBfR  Solids 
Lag  1st 

MBfR  Solids 
Lag  2nd 

Turbidity 

Turbidity 

Turbidity 

Turbidity 

NTU 

NTU 

NTU 

NTU 

3.39 

5.14 

83.4 

37.9 

C-55 


Date 

Time 

Target  Flow 
Rate 

Lag  Reactor  (SP-200) 

MBfR  Solids 

Lead  1st 

MBfR  Solids 

LEAD  2nd 

MBfR  Solids 
Lag  1st 

MBfR  Solids 
Lag  2nd 

pH 

Temp 

ORP 

DO 

Nitrate  +  Nitrite 

Nitrite 

Nitrate 

Phosphate 

Sulfide 

Turbidity 

Turbidity 

Turbidity 

Turbidity 

Days 

gpm 

std  unit 

°C 

mV 

mg/ 1. 

mg/I.  -  N 

mg/L  -  N 

mg/L  -  N 

mg/L  -  P04 

mg/L 

NTU 

NTU 

NTU 

NTU 

12/21/2011 

237 

6 

7.71 

19.8 

-543 

0.05 

0 

0 

0 

0.6 

12/23/2011 

239 

6 

7.54 

19.9 

-514 

0.1 

0 

0 

0 

0.6 

12/27/2011 

243 

6 

7.68 

20.4 

-533 

0.1 

0 

0 

0 

0.6 

12/28/2011 

244 

6 

7.58 

21.3 

-491 

0.1 

0 

0 

0 

0.6 

12/30/2011 

246 

6 

7.46 

21.3 

-540 

0.05 

0.4 

0 

0.4 

2 

19.6 

10.1 

18.9 

9.4 

1/3/2012 

250 

6 

7.54 

21.9 

-570 

0 

0.4 

0 

0.4 

1.4 

1/4/2012 

251 

6 

7.48 

21.9 

-484 

0.1 

0 

0 

0 

2.5 

1/6/2012 

253 

6 

7.6 

21.3 

-485 

0.15 

0 

0 

0 

0.3 

1/9/2012 

256 

6 

7.64 

21.6 

-528 

0.1 

0 

0 

0 

1 

1/11/2012 

258 

6 

7.55 

21.1 

-424 

0.15 

0.25 

0.25 

0 

0.05 

34 

18 

44 

19 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/16/2012 

263 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/19/2012 

266 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/24/2012 

271 

6 

1/25/2012 

272 

6 

C-56 


4/20/2011 


4/21/2011 


4/22/2011 


4/25/2011 


4/28/2011 


4/29/2011 


5/2/2011 


5/4/2011 


5/6/2011 


5/9/2011 


5/11/2011 


5/13/2011 


5/16/2011 


5/18/2011 


5/20/2011 


5/23/2011 


5/25/2011 


5/27/2011 


6/1/2011 


6/3/2011 


6/6/2011 


6/10/2011 


6/13/2011 


6/16/2011 


6/20/2011 


6/27/2011 


7/5/2011 


7/11/2011 


7/18/2011 


7/25/2011 


7/29/2011 


8/1/2011 


8/2/2011 


8/5/2011 


8/8/2011 


8/15/2011 


8/17/2011 


8/19/2011 


Time 

Target  Flow 
Rate 

Days 

gpm 

Media  Filter  Effluent 


pH 


std  unit 


Temp 


C 


ORP 


mV 


Sulfide 


Turbidity 


0.422 


0.383 


0.79 


7.65 

21.0 

10 

6 

7.87 

2.7 

-110 

6 

7.84 

21.2 

-120 

7 

7.63 

21.4 

-134 

3.5 

0.304 


0.264 


0.32 


Post  Media 

Filter 

Filter 

Backwash 

Cl  Residual 

Turbidity 

mg/L 

NTU 

C-57 


Date 

Time 

Target  Flow 
Rate 

pH 

Days 

gpm 

std  unit 

8/26/2011 

120 

15 

7.99 

8/31/2011 

125 

15 

8.01 

9/2/2011 

127 

15 

8 

9/7/2011 

132 

15 

7.9 

9/9/2011 

134 

10 

7.99 

9/12/2011 

137 

10 

7.82 

9/14/2011 

139 

10 

7.82 

9/16/2011 

141 

20 

7.83 

9/19/2011 

144 

5 

8.02 

10/3/2011 

158 

10 

7.94 

10/5/2011 

160 

10 

7.89 

10/7/2011 

162 

10 

7.88 

10/10/2011 

165 

5 

8.01 

10/12/2011 

167 

5 

8.12 

10/14/2011 

169 

5 

8.06 

10/17/2011 

172 

10 

7.94 

10/19/2011 

174 

10 

7.86 

10/21/2011 

176 

10 

7.93 

10/26/2011 

181 

10 

7.98 

10/28/2011 

183 

10 

7.98 

10/31/2011 

186 

10 

7.93 

11/2/2011 

188 

10 

7.82 

11/4/2011 

190 

10 

7.82 

11/7/2011 

193 

10 

7.93 

11/9/2011 

195 

10 

7.98 

11/11/2011 

197 

10 

7.95 

11/14/2011 

200 

10 

11/16/2011 

202 

10 

11/18/2011 

204 

10 

7.98 

11/22/2011 

208 

10 

7.98 

11/28/2011 

214 

8 

7.98 

11/30/2011 

216 

8 

7.89 

12/2/2011 

218 

6 

12/5/2011 

221 

6 

12/9/2011 

226 

6 

12/14/2011 

230 

6 

7.88 

12/16/2011 

232 

6 

7.91 

12/19/2011 

235 

6 

8 

Aeration 


Temp 

ORP 

DO 

°C 

mV 

mg/I. 

22.9 

-293 

5 

22 

-285 

5.5 

22.6 

-250 

6 

23 

-245 

4.5 

24.1 

-231 

6.5 

23.7 

-275 

5.5 

24 

-247 

7 

21.1 

-195 

5.5 

24.8 

-107 

6.5 

20.8 

-120 

5 

20.5 

-237 

7 

20.5 

-232 

5 

22 

4 

24.2 

-305 

5 

23.9 

7 

21.7 

7 

21.6 

5 

21.2 

5.5 

21.1 

-215 

7 

21.4 

-153 

7 

21.8 

-144 

7 

20.6 

-202 

6 

20.6 

-260 

5 

20.7 

-214 

7 

21.1 

-222 

7 

21.7 

-254 

6 

Date 

Time 

Target  Flow 
Rate 

Aeration 

Media  Filter  Effluent 

Post  Media 

Filter 

Filter 

Backwash 

pH 

Temp 

ORP 

DO 

Sulfide 

Turbidity 

pH 

Temp 

ORP 

DO 

Turbidity 

Cl  Residual 

Turbidity 

Days 

gpm 

std  unit 

°C 

mV 

nig/ 1. 

mg/ 1. 

NTU 

std  unit 

°C 

mV 

mV 

NTU 

mg/L 

NTU 

12/21/2011 

237 

6 

8.12 

19.4 

-188 

7 

0.1 

1.4 

7.97 

19.3 

-10 

5.5 

0.132 

2.5 

12/23/2011 

239 

6 

8.02 

19.6 

-205 

7 

0.25 

1.6 

7.88 

19.5 

-49 

4.5 

0.111 

2.5 

12/27/2011 

243 

6 

8.09 

20 

-182 

5.5 

0.2 

1.3 

7.9 

20 

-17 

5.5 

0.175 

2 

12/28/2011 

244 

6 

8.04 

21 

-200 

7 

0.2 

7.8 

21 

-20 

5.5 

0.116 

1.6 

12/30/2011 

246 

6 

7.92 

21 

-235 

6 

1.5 

1.89 

7.67 

21.1 

-180 

6 

0.207 

0 

1/3/2012 

250 

6 

7.99 

21.4 

-210 

7 

1.1 

1.69 

7.71 

21.3 

-145 

7.5 

0.207 

0 

1/4/2012 

251 

6 

7.97 

21.6 

-211 

7 

1 

1.86 

7.73 

21.8 

-132 

3.5 

0.295 

2.5 

43.1 

1/6/2012 

253 

6 

8.04 

21.1 

-160 

7 

0.05 

1.72 

7.87 

21.1 

30 

5.5 

0.178 

1.5 

1/9/2012 

256 

6 

7.86 

21.4 

-182 

5.5 

0.4 

1.76 

7.82 

21.3 

-40 

6 

0.163 

1.5 

1/11/2012 

258 

6 

8.02 

20.8 

-31 

7 

0 

1.26 

7.89 

20.7 

103 

7 

0.111 

1.1 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/16/2012 

263 

6 

0.4 

1/17/2012 

264 

6 

0.4 

1/18/2012 

265 

6 

1/19/2012 

266 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/24/2012 

271 

6 

0.5 

1/25/2012 

272 

6 

0.2 

C-59 


4/20/2011 


4/21/2011 


4/22/2011 


4/25/2011 


4/28/2011 


4/29/2011 


5/2/2011 


5/4/2011 


5/6/2011 


5/9/2011 


5/11/2011 


5/13/2011 


5/16/2011 


5/18/2011 


5/20/2011 


5/23/2011 


5/25/2011 


5/27/2011 


6/1/2011 


6/3/2011 


6/6/2011 


6/10/2011 


6/13/2011 


6/16/2011 


6/20/2011 


6/27/2011 


7/5/2011 


7/11/2011 


7/18/2011 


7/25/2011 


7/29/2011 


8/1/2011 


8/2/2011 


8/5/2011 


8/8/2011 


8/15/2011 


8/17/2011 


8/19/2011 


Time 

Target  Flow 
Rate 

Days 

gpm 

pH 


std  unit 


Temp 


C 


ORP 

DO 

mV 

mg/L 

5 

7.47 

20.4 

133 

7 

5 

7.58 

22.8 

176 

5.5 

5 

7.14 

21.4 

120 

5.5 

5 

6.93 

17.1 

108 

7 

5 

7.10 

19.2 

90 

3.5 

8 

7.94 

20.6 

300 

8 

10 

7.85 

17.7 

180 

7 

10 

7.82 

17.7 

300 

6 

10 

7.85 

19.3 

100 

8 

8 

7.98 

18.4 

177 

6 

8 

7.92 

19.8 

320 

7 

8 

7.91 

19.9 

143 

7 

10 

7.93 

19.6 

229 

7 

10 

7.89 

20 

33 

7.5 

12 

7.93 

19.3 

250 

7 

12 

7.88 

19.4 

305 

5.5 

12 

7.68 

20.2 

150 

5.5 

12 

7.87 

20.4 

65 

6 

Finished  Water  (Product) 


Outfall 


C-60 


Date 


Time 


Target  Flow 
Rate 


8/26/2011 

120 

15 

8/31/2011 

125 

15 

9/2/2011 

127 

15 

9/7/2011 

132 

15 

9/9/2011 

134 

10 

9/12/2011 

137 

10 

9/14/2011 

139 

10 

9/16/2011 

141 

20 

9/19/2011 

144 

5 

10/3/2011 

158 

10 

10/5/2011 

160 

10 

10/7/2011 

162 

10 

10/10/2011 

165 

5 

10/12/2011 

167 

5 

10/14/2011 

169 

5 

10/17/2011 

172 

10 

10/19/2011 

174 

10 

10/21/2011 

176 

10 

10/26/2011 

181 

10 

10/28/2011 

183 

10 

10/31/2011 

186 

10 

11/2/2011 

188 

10 

11/4/2011 

190 

10 

11/7/2011 

193 

10 

11/9/2011 

195 

10 

11/11/2011 

197 

10 

11/14/2011 

200 

10 

11/16/2011 

202 

10 

11/18/2011 

204 

10 

11/22/2011 

208 

10 

11/28/2011 

214 

8 

11/30/2011 

216 

8 

12/2/2011 

218 

6 

12/5/2011 

221 

6 

12/9/2011 

226 

6 

12/14/2011 

230 

6 

12/16/2011 

232 

6 

12/19/2011 

235 

6 

pH 


std  unit 


7.92 


7.89 


7.97 


7.72 


7.83 


7.68 


7.73 


7.78 


7.88 


7.84 


7.89 


Temp 


C 


24.4 


21.9 


23.4 


23.2 


24.1 


23.7 


24 


20.9 


25.4 


21.1 


18.6 


ORP 


mV 


639 


224 


681 


120 


290 


355 


318 


379 


733 


90 


59 


90 


7.82 

18.6 

500 

7.81 

17.8 

510 

7.84 

19.3 

660 

Finished  Water  (Product) 


Outfall 


Nitrate  +  Nitrite 

Nitrite 

Nitrate 

Sulfide 

mg/L  -  N 

mg/L  -  N 

mg/L  -  N 

mg/L 

0 

0 

0 

0 

0.2 

0 

0.2 

0 

0.25 

0 

0.25 

0 

0.6 

0 

0.6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

0 

0.2 

0 

0.7 

0 

0.7 

0 

0.5 

0 

0.5 

0 

0.4 

0 

0.4 

0 

0.5 

0 

0.5 

0 

0.2 

0 

0.2 

0 

0.2 

0 

0.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.6 

0 

0.6 

0 

0.2 

0 

0.2 

0 

0.6 

0 

0.6 

0 

0.4 

0 

0.4 

0 

0.5 

0 

0.5 

0 

0.4 

0 

0.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0 

0.1 

0 

0.4 

0 

0.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Turbidity 

NTU 

0.375 

0.429 

0.251 

0.311 

0.276 

0.343 

0.29 

0.45 

0.37 

0.503 

0.44 

1.26 

12.1 

8.58 

0.85 

0.8 

0.94 

0.38 

0.3 

0.11 

0.175 

0.157 

0.144 

0.238 


0.268 

0.197 

0.279 


0.512 


Cl  Residual 

mg/L 

2 

1.1 

1.75 

0.4 

0.2 

0.2 

0.2 

0.05 

>5 

0 

0* 

0.1 

5 

0.1 

0.4 

1.25 

0.4 

0.3 

1.5 

1.25 

1.75 

2 

1 

1.75 

1.6 

1 

1.25 

0.1 

3 

1.5 

1.5 

0.2 

0.6 

1.2 


pH 

Temperature 

std  unit 

°C 

7.75 

24 

7.6 

22.3 

7.87 

22.9 

7.64 

23.5 

7.48 

24.2 

7.6 

23.2 

7.67 

24.1 

7.86 

20.8 

7.55 

24.8 

7.59 

21.1 

7.70 

18.8 

7.52 

21.3 

7.6 

25.1 

7.48 

24.1 

7.88 

22 

7.67 

21.1 

7.66 

20.5 

7.73 

19 

7.65 

21.3 

7.66 

22.1 

7.70 

21 

7.68 

20.1 

7.68 

18.6 

7.69 

19.6 

7.6 

18.4 

7.58 

20.1 

7.49 

21.9 

7.45 

20.8 

7.37 

17.5 

7.19 

20.3 

7.26 

18.7 

7.58 

17.5 

7.51 

19.1 

C-61 


Date 

Time 

Target  Flow 
Rate 

Finished  Water  (Product) 

Outfall 

pH 

Temp 

ORP 

DO 

Nitrate  +  Nitrite 

Nitrite 

Nitrate 

Sulfide 

Turbidity 

Cl  Residual 

pH 

Temperature 

Days 

gprn 

std  unit 

°C 

mV 

mg/L 

mg/L  -  N 

mg/L  -  N 

mg/L  -  N 

mg/L 

NTU 

mg/L 

std  unit 

°C 

12/21/2011 

237 

6 

8.11 

18.1 

665 

5.5 

0.05 

0 

0.05 

0 

0.142 

1.5 

7.79 

16.6 

12/23/2011 

239 

6 

7.97 

18.3 

630 

5.5 

0.1 

0 

0.1 

0 

0.124 

1.5 

7.83 

17.5 

12/27/2011 

243 

6 

7.96 

18.9 

630 

7 

0.4 

0 

0.4 

0 

0.175 

1.1 

7.75 

18.5 

12/28/2011 

244 

6 

7.89 

20.6 

596 

7 

0.5 

0 

0.5 

0 

1 

7.7 

20.6 

12/30/2011 

246 

6 

7.44 

20.9 

120 

7 

0.4 

0 

0.4 

0 

0.216 

0 

7.38 

20.7 

1/3/2012 

250 

6 

7.39 

20.9 

60 

8 

0.6 

0 

0.6 

0 

0 

7.44 

20.9 

1/4/2012 

251 

6 

7.76 

22 

690 

4.5 

0.7 

0 

0.7 

0 

2 

7.42 

22.7 

1/6/2012 

253 

6 

7.95 

20.6 

673 

7 

0.1 

0 

0.1 

0 

0.145 

1.2 

7.63 

20.8 

1/9/2012 

256 

6 

7.85 

21.1 

385 

7 

0.4 

0 

0.4 

0 

0.341 

1 

7.49 

21.6 

1/11/2012 

258 

6 

7.94 

20.3 

543 

7 

0.25 

0 

0.25 

0 

0.126 

0.9 

7.67 

19.8 

1/12/2012 

259 

6 

0.9 

1/13/2012 

260 

6 

0.8 

1/16/2012 

263 

6 

0.1 

7.58 

20 

1/17/2012 

264 

6 

0.1 

7.51 

20.1 

1/18/2012 

265 

6 

0.7 

7.68 

19.7 

1/19/2012 

266 

6 

0.4 

1/20/2012 

267 

6 

0.7 

1/23/2012 

270 

6 

7.58 

19.5 

1/24/2012 

271 

6 

0 

7.64 

19.5 

1/25/2012 

272 

6 

0 

7.69 

19.1 

Notes: 

Qualifiers: 

H  Sample  analysis  performed  past  method-specified  holding  time. 
*  Leak  at  injection  pump  discharge  fitting,  chlorine  turned  off. 
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APPENDIX  D 
FIELD  METHODS 


1.0  BATCH  TEST  PRELIMINARY  TESTING 

A  preliminary  batch  test  was  conducted  on  September  16,  2010,  to  evaluate  effects  of  operating 
the  system  in  batch  mode  with  continued  recirculation.  The  goal  was  to  detennine  if  it  was 
possible  to  attain  the  treatment  goal  of  effluent  perchlorate  concentrations  below  6  milligrams 
per  liter  (mg/L). 

1.1  EXPERIMENTAL  METHODS 

The  normal  operating  conditions  were  changed  to  achieve  a  nitrate  and  nitrite  (NOx) 
concentration  over  2.5  milligrams  of  nitrogen  per  liter  (mg-N/L)  in  the  lead  reactor: 

•  feed  flow  was  20  gallons  per  minute  (gpm) 

•  MBfRl  hydrogen  pressure  was  20  pounds  per  square  inch  gauge  (psig) 

•  MBfR2  hydrogen  pressure  was  28  psig 

The  influent  and  effluent  flow  to  the  membrane  biofiltration  reactor  (MBfR)  vessels  was  stopped 
at  the  beginning  of  the  test.  The  lead  reactor  (MBfR2)  served  as  the  first  batch  reactor.  The  NOx 
in  the  batch  reactor  was  measured  using  an  online  nitrate  analyzer.  NOx  concentrations  quickly 
dropped  from  greater  than  2.5  mg-N/L  to  almost  non-detectable  limits  over  20  minutes.  Samples 
were  collected  from  the  recycle  pump  discharge  line  and  were  sent  to  the  lab  for  analysis.  The 
online  nitrate  analyzer  sample  tap  was  at  the  recycle  pump  discharge.  Samples  were  collected 
according  to  Table  1,  while  monitoring  the  online  nitrate  analyzer  readings  via  the  Operator 
Interface  Terminal  (OIT).  The  third  sample  was  collected  when  NOx  was  at  the  lowest 
concentration  read  by  the  online  nitrate  analyzer.  Theoretically,  this  would  be  a  zero 
concentration.  However,  the  lowest  concentration  of  NOx  was  detennined  to  be  at  the  point 
where  NOx  readings  stopped  decreasing  and  began  to  increase  slightly. 


1 

"able  1  Sample  Intervals 

Sample 

Sample  Collection  Trigger 

1 

At  2.5  mg-N/L 

2 

At  0.5  mg-N/L 

3 

Below  detection  (lowest  value) 

4 

10  minutes  after  sample  #3 

5 

20  minutes  after  sample  #3 

6 

30  minutes  after  sample  #3 

After  the  batch  experiment  on  MBfR2  was  complete,  feed  flow  was  restored  for  several  hours 
with  MBfRl  as  the  lead  reactor.  After  stabilization  of  NOx  readings  was  achieved,  feed  flow  was 
turned  off  again  and  this  test  was  repeated  with  MBfRl  as  the  batch  reactor.  Preliminary  testing 
results  are  shown  in  Table  2. 
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Table  2  Preliminary  Testing  Results 


Recirculation 
Flow  Rate 
(gpm) 

Sample 

Sample  Collection  Trigger 

Time 

MBfRl:  280 
MBfR2:  280 

Rl-1 

At  2.5  mg-N/L 

12:08 

Rl-2 

At  0.5  mg-N/L 

12:18 

Rl-3 

Below  detection  (lowest  value) 

12:25 

Rl-4 

10  minutes  after  sample  #3 

12:35 

Rl-5 

20  minutes  after  sample  #3 

12:45 

Rl-6 

30  minutes  after  sample  #3 

12:55 

MBfRl:  280 
MBfR2:  280 

R2-1 

At  2.5  mg-N/L 

15:13 

R2-2 

At  0.5  mg-N/L 

15:21 

R2-3 

Below  detection  (lowest  value) 

15:27 

R2-4 

10  minutes  after  sample  #3 

15:37 

R2-5 

20  minutes  after  sample  #3 

15:47 

R2-6 

30  minutes  after  sample  #3 

15:57 

Note:  R1  is  MBfR  vessel  1  anc 

R2  is  MBfR  vessel  2. 

2.0  BATCH  TESTING 

The  team  conducted  the  batch  tests  on  November  14  and  15,  2010,  to  detennine  nitrate,  nitrite 
and  perchlorate  removal  following  a  change  of  the  internal  recirculation  flow  rate.  The  influent 
flow  to  the  MBfR  was  stopped  and  the  water  only  recirculated  within  modules.  Results  from  the 
preliminary  batch  test  demonstrated  that  perchlorate  and  nitrate  were  completely  reduced.  This 
series  of  tests  was  conducted  to  obtain  more  accurate  kinetics  data  for  perchlorate,  nitrate,  and 
sulfate  under  variable  recirculation  flow  rates. 

2.1  EXPERIMENTAL  METHODS 

On  the  day  prior  to  the  experiment,  the  operating  parameters  remained  at  normal  operating 
conditions: 

•  influent  feed  flow  rate  was  10  gpm 

•  MBfRl  hydrogen  pressure  was  15  psig 

•  MBfR2  hydrogen  pressure  was  17.5  psig 

•  MBfRl  recirculation  flow  rate  is  100  gpm 

•  MBfR2  recirculation  flow  rate  180  gpm 

The  water  level  was  controlled  by  manually  adjusting  the  overflow  valve  to  prevent  a  high-level 
alarm  from  shutting  down  the  system  or  a  low-water  level  from  exposing  the  module  fibers.  The 
pump  discharge  supplied  influent  flow  to  the  online  nitrate  analyzer.  The  nitrate  analyzer  effluent 
flow  was  discharged  to  the  top  of  the  lead  reactor.  The  nitrate  analyzer  was  cleaned  by  sliding 
the  flow  assembly  away  from  the  sensor  and  spraying  DI  water  around  the  cuvette  gap  area  to 
remove  growth  on  the  lens  and  also  allow  flow  around  the  assembly’s  window.  Operating 
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conditions  were  set  to  facilitate  the  experiment  and  achieve  approximately  5  mg-N/L  NOx  in  the 
lead  reactor: 

•  The  sparge  interval  was  increased  so  that  a  sparge  event  would  not  trigger  during 
sampling 

•  MBfRl  hydrogen  pressure  was  7  psig 

•  MBfRl  recirculation  flow  rate  was  100  gpm 

•  MBfR2  sample  valve  was  in  “hand”  operation 

•  MBfRl  sample  valve  was  off 

•  The  feed  flow  rate  was  increased  to  22  gpm,  which  was  the  maximum  feed  flow  allowed 
before  triggering  a  high  level  alarm  in  the  tanks 

•  The  overflow  valve  was  completely  opened  to  prevent  a  high-level  alann,  which  would 
stop  the  system 

•  The  MBfR2  module  purge  lines  were  manually  vented 

•  MBfRl  and  MBfR2  module  purge  lines  were  placed  in  the  “off’  position  during  the 
batch  tests. 

When  NOx  levels  in  MBfR2  (lead  reactor)  were  greater  than  5.5  mg-N/L  the  feed  was 
discontinued  by  placing  the  system  influent  pump  and  the  system  influent  solenoid  valve  in  the 
off  position.  The  overflow  valve  was  closed  to  prevent  draining  of  the  MBfR  reactors.  The 
recirculation  pump  continued  to  operate.  The  nitrate  concentration  was  closely  monitored  using 
the  OIT.  When  NOx  in  MBfR2  (batch  reactor)  dropped  below  5.5  mg-N/L,  time  was  recorded  at 
each  concentration.  Water  samples  were  collected  from  the  recycle  pump  discharge  at  the 
specified  times  to  be  analyzed  for  nitrate,  nitrite,  and  perchlorate.  Table  3  shows  when  samples 
were  collected  from  the  lead  reactor  based  on  nitrate  analyzer  readings. 


Table  3  Sample  Intervals 


Sample 

Sample  Collection  Trigger 

0 

At  5.0  mg-N/L 

1 

At  2.5  mg-N/L 

2 

At  0.5  mg-N/L 

3 

Below  detection  (lowest  value) 

4 

5  minutes  after  sample  #3 

5 

10  minutes  after  sample  #3 

6 

20  minutes  after  sample  #3 

Sample  #3  had  the  lowest  nitrate  reading  and  was  near  or  below  the  detection  limit  of  the  online 
nitrate  analyzer.  The  lowest  value  of  NOx  was  detennined  to  be  at  the  point  where  NOx  readings 
stopped  decreasing  and  began  to  increase  slightly.  After  the  last  sample  was  collected,  the 
process  was  repeated  at  a  different  recirculation  flow  rate.  For  all  flow  rates  and  results,  refer  to 
Table  4  for  MBfR2  (R2)  batch  test  and  Table  5  for  Batch  Test  #2.  After  the  batch  testing  was 
completed,  the  system  was  returned  to  its  normal  operating  parameters. 
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Table  4  MBfR2  (R2)  Batch  1 

fest  Sample  Collection  Times,  Day  1 

Recirculation 
Rate  (gpm) 

Sample 

Sample  Collection  Trigger 

Time 

MBfRl:  100 
MBfR2:  180 

Initial  Reading 

5.5  mg-N/L 

11:04 

R2-0-180gpm 

At  5.0mg-N/L 

11:06 

R2-l-180gpm 

At  2.5mg-N/L 

11:15 

R2-2-180gpm 

At  0.5mg-N/L 

11:23 

R2-3-180gpm 

Below  detection  (lowest  value) 

11:29 

R2-4-180gpm 

5  minutes  after  sample  #3 

11:34 

R2-5-180gpm 

10  minutes  after  sample  #3 

11:39 

R2-6-180gpm 

20  minutes  after  sample  #3 

11:49 

MBfRl:  100 
MBfR2:  60 

Initial  Reading 

5.5  mg-N/L 

12:17 

R2-0-60gpm 

At  5.0mg-N/L 

12:18 

R2-l-60gpm 

At  2.5mg-N/L 

12:30 

R2-2-60gpm 

At  0.5mg-N/L 

12:40 

R2-3-60gpm 

Below  detection  (lowest  value) 

12:49 

R2-4-60gpm 

5  minutes  after  sample  #3 

12:54 

R2-5-60gpm 

10  minutes  after  sample  #3 

12:59 

R2-6-60gpm 

20  minutes  after  sample  #3 

13:09 

MBfRl:  100 
MBfR2:  120 

Initial  Reading 

5.5  mg-N/L 

13:50 

R2-0-120gpm 

At  5.0mg-N/L 

13:50 

R2-l-120gpm 

At  2.5mg-N/L 

13:59 

R2-2-120gpm 

At  0.5mg-N/L 

14:11 

R2-3-120gpm 

Below  detection  (lowest  value) 

14:15 

R2-4-120gpm 

5  minutes  after  sample  #3 

14:20 

R2-5-120gpm 

10  minutes  after  sample  #3 

14:25 

R2-6-120gpm 

20  minutes  after  sample  #3 

14:35 

MBfRl:  100 
MBfR2:  90 

Initial  Reading 

5.5  mg-N/L 

15:10 

R2-0-90gpm 

At  5.0mg-N/L 

15:10 

R2-l-90gpm 

At  2.5mg-N/L 

15:23 

R2-2-90gpm 

At  0.5mg-N/L 

15:34 

R2-3-90gpm 

Below  detection  (lowest  value) 

15:40 

R2-4-90gpm 

5  minutes  after  sample  #3 

15:45 

R2-5-90gpm 

10  minutes  after  sample  #3 

15:50 

R2-6-90gpm 

20  minutes  after  sample  #3 

16:00 
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Table  5  MBfRl  (Rl)  Batch  1 

fest  Sample  Collection  Times,  Day  2 

Recirculation 
Rate  (gpm) 

Sample 

Sample  Collection  Trigger 

Time 

MBfRl:  150 
MBfR2:  180 

Initial  Reading 

5.2  mg-N/L 

9:57 

Rl-0-150gpm 

At  5.0mg-N/L 

9:58 

Rl-l-150gpm 

At  2. 5 mg-N/L 

10:12 

Rl-2-150gpm 

At  0.5 mg-N/L 

10:25 

Rl-3-150gpm 

Below  detection  (lowest  value) 

10:32 

Rl-4-150gpm 

5  minutes  after  sample  #3 

10:37 

Rl-5-150gpm 

10  minutes  after  sample  #3 

10:42 

Rl-6-150gpm 

20  minutes  after  sample  #3 

10:52 

MBfRl:50 
MBfR2:  180 

Initial  Reading 

5.5  mg-N/L 

11:04 

Rl-0-50gpm 

At  5.0mg-N/L 

11:05 

Rl-l-50gpm 

At  2.0mg-N/L 

11:23 

Rl-2-50gpm 

At  0.5 mg-N/L 

11:40 

Rl-3-50gpm 

Below  detection  (lowest  value) 

11:56 

Rl-4-50gpm 

5  minutes  after  sample  #3 

12:01 

Rl-5-50gpm 

10  minutes  after  sample  #3 

12:06 

Rl-6-50gpm 

20  minutes  after  sample  #3 

12:16 

MBfRl:  100 
MBfR2:  180 

Initial  Reading 

5.23  mg-N/L 

13:06 

Rl-0-100gpm 

At  5.0mg-N/L 

13:07 

Rl-l-100gpm 

At  2. 5 mg-N/L 

13:23 

Rl-2-100gpm 

At  0.5 mg-N/L 

13:36 

Rl-3-100gpm 

Below  detection  (lowest  value) 

13:45 

Rl-4-100gpm 

5  minutes  after  sample  #3 

13:50 

Rl-5-100gpm 

10  minutes  after  sample  #3 

13:55 

Rl-6-100gpm 

20  minutes  after  sample  #3 

13:05 

MBfRl:  200 
MBfR2:  180 

Initial  Reading 

5.2  mg-N/L 

14:42 

Rl-0-200gpm 

At  5.0mg-N/L 

14:43 

Rl-l-200gpm 

At  2. 5 mg-N/L 

14:53 

Rl-2-200gpm 

At  0.5 mg-N/L 

15:07 

Rl-3-200gpm 

Below  detection  (lowest  value) 

15:13 

Rl-4-200gpm 

5  minutes  after  sample  #3 

15:18 

Rl-5-200gpm 

10  minutes  after  sample  #3 

15:23 

Rl-6-200gpm 

20  minutes  after  sample  #3 

15:33 
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3.0  MBfR  SPARGE  SAMPLING  PROCEDURE 


Rialto  ARo-Perc  Sparge  Process  Sampling  Procedure 


Scope  The  following  procedure  is  to  be  used  by  Rialto  personnel  whenever  Rialto  MBfR 

sparge  process  is  initiated. 


Attributes  and 
Categories 


Categories 

□  Critical  □  Emergency  [3  Operating  □  Other 
Attributes  (Operating/Other) 

[SI  Routine  □  Non-Routine 


Hazards  and 
Precautions 


The  table  below  lists  job  hazards  associated  with  completing  this  procedure  and  the 
precautions  that  should  be  taken  for  safety,  environmental,  quality,  ergonomics,  Good 
Manufacturing  Practices,  etc.  before  beginning  this  procedure. 


Hazard 

Precaution 

Leakage. 

Ensure  all  pipe  connections  are  properly 
secured,  and  monitor  all  draining 
activities. 

Pressurized  water  coming  in  contact  with 
operator  when  taking  sample. 

Wear  eye  protection,  gloves,  and 
protective  clothing. 

Tools  and  Listed  below  are  the  unique  tools  and  equipment  needed  to  do  this  job. 

Equipment  _ 


Tool/Equipment 

Use 

Sample  bottles. 

Collecting  water  sample. 

Test  kit. 

Testing  for  solids. 

Consequences  If  this  procedure  is  not  followed,  missing  or  inaccurate  data  could  occur.  This  table  lists 
of  Deviation  consequences  of  deviation  from  the  procedure  steps  or  general  operating  limits. 


Type  of  Deviation 

Consequences  and  How  to  Avoid 

Sample  not  taken  at  the  right 
time. 

Inaccurate  data  collected  will  lead  to  inaccurate  results. 
Would  require  another  sample  to  be  taken,  wasting  time 
and  money.  Make  sure  to  follow  the  steps  during  the 
sparge  process. 

Sampling 
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Step 

1 


Action 


Consult  with  APT  water  to  determine  when  operating  personnel  should  be 
present  to  take  sample. 


From  the  Main  Menu,  go  to  the  “Sparge”  screen  on  the  OIT.  Prepare  to  take 
sample  from  LAG  reactor. 


Sparge  process  for  the  lag  reactor  will  go  through  the  following  steps: 
Step:  Approx,  duration  time  (min)*: 

1  Pumpout  1-5 

2 Sparge  1 

3  Drain  3-5 

4Fill  Heel  1-3 

5Recirc  1 

6  Drain  Fleel  2-4 

7Equalize  4-5 

8Refill  -  -will  happen  simultaneously  with  sparge  process  of  lead  reactor. 


These  steps  will  be  shown  in  the  OIT  screen  during  the  sparge  process  with 
the  current  step  being  highlighted. 

*These  are  just  estimates  and  the  actual  duration  time  could  be  different. 
Therefore,  it  is  recommended  to  keep  track  of  steps  in  the  OIT  screen. 


Drain  step  (#3)  will  be  highlighted  after  Sparge  step  (#2)  is  completed. 
Listen  for  the  drain  pump  turning  on  to  make  sure  step  3  has  started  and 
prepare  to  take  sample.  It  is  recommended  to  collect  three  samples  of 
~333mL  each  at  0.5,  1.5,  and  2.5  minutes.  Purge  first  ~200m1  from  SP-600 
(located  after  the  drain  pump)  before  taking  first  sample  and  then  start 
collecting  approximately  1L  for  analysis  at  the  given  times.  Label  sample  as 
“Lag  First  Drain.” 


Once  the  Drain  step  is  completed  (drain  pump  will  turn  off),  the  tank  will  be 
partially  filled  and  then  recirculated.  This  will  help  remove  anything  that 
didn’t  get  removed  during  the  first  drain  process  from  the  lag  vessel. 


Drain  Heel  step  (#6)  will  start  following  recirculation  and  will  be 
highlighted  in  the  OIT  screen.  Listen  for  the  drain  pump  turning  on  and 
proceed  to  collect  three  samples  of  ~333mL  each  at  0.5,  1.5,  and  2.5 
minutes.  Purge  first  ~200ml  from  SP-600  before  taking  first  sample  and 
then  start  collecting  approximately  1L  for  analysis  at  the  given  times.  Label 
sample  as  “Lag  Second  Drain.” 
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7 

After  the  Equalized  step  for  lag  reactor  is  completed,  sparge  process  will 
start  for  the  lead  reactor  and  will  go  through  the  following  steps: 

Step:  Approx,  duration  time  (min)*: 

1  Pumpout  1-5 

2Sparge  1 

3  Drain  3-5 

4Fill  Heel  1-3 

5Recirc  1 

6  Drain  Heel  2-4 

7Refill  20 

These  steps  will  be  shown  in  the  OIT  screen  during  the  sparge  process  with 
the  current  step  being  highlighted. 

*These  are  just  estimates  and  the  actual  duration  time  could  be  different. 
Therefore,  it  is  recommended  to  keep  track  of  steps  in  the  OIT  screen. 

8 

Drain  step  (#3)  will  be  highlighted  after  Sparge  step  (#2)  is  completed. 

Listen  for  the  drain  pump  turning  on  to  make  sure  step  3  has  started  and 
prepare  to  take  sample.  It  is  recommended  to  collect  three  samples  of 
~333mL  each  at  0.5,  1.5,  and  2.5  minutes.  Purge  first  ~200ml  from  SP-600 
(located  after  the  drain  pump)  before  taking  first  sample  and  then  start 
collecting  approximately  1L  for  analysis  at  the  given  times.  Label  sample  as 
“Lead  First  Drain.” 

9 

After  the  Drain  step,  the  tank  will  be  partially  filled  and  then  recirculated. 
This  will  help  remove  anything  that  didn’t  get  removed  during  the  first  drain 
process  from  the  lead  vessel. 

10 

Drain  Heel  step  (#6)  will  start  following  recirculation  and  will  be 
highlighted  in  the  OIT  screen.  Listen  for  the  drain  pump  turning  on  and 
proceed  to  collect  three  samples  of  ~333mL  each  at  0.5,  1.5,  and  2.5 
minutes.  Purge  first  ~200ml  from  SP-600  before  taking  first  sample  and 
then  start  collecting  approximately  1L  for  analysis  at  the  given  times.  Label 
sample  as  “Lead  Second  Drain.” 

11 

After  the  Refill  step  (#7)  is  completed,  the  feed  water  is  stopped  until  the 
nitrate  levels  have  been  reduced  to  <lmg-N/L. 
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4.0  MEDIA  FILTER  SAMPLING  PROCEDURE 


Rialto  Filter  Backwash  Sampling  Procedure 


Scope 


The  following  procedure  is  to  be  used  by  Rialto  personnel  whenever  Rialto  media 
filter  backwash  is  initiated. 


Attributes  and 
Categories 


Categories 

□  Critical  □  Emergency  [El  Operating  □  Other 
Attributes  (Operating/Other) 

El  Routine  □  Non-Routine 


Hazards  and 
Precautions 


The  table  below  lists  job  hazards  associated  with  completing  this  procedure  and  the 
precautions  that  should  be  taken  for  safety,  environmental,  quality,  ergonomics,  Good 
Manufacturing  Practices,  etc.  before  beginning  this  procedure. 


Hazard 

Precaution 

Leakage. 

Ensure  all  pipe  connections  are  properly 
secured,  and  monitor  all  backwash 
activities. 

Pressurized  water  coming  in  contact  with 
operator  when  taking  sample. 

Wear  eye  protection,  gloves,  and 
protective  clothing. 

Falling  off  from  a  ladder. 

Refer  to  the  manufacturer’s  instructions  to 
avoid  falling  off  from  a  ladder. 

Tools  and  Listed  below  are  the  unique  tools  and  equipment  needed  to  do  this  job. 

Equipment  _ 


Tool/Equipment 

Use 

Sample  bottles. 

Collecting  water  sample. 

Test  kit. 

Testing  for  total  solids  and  turbidity. 

6  foot  Ladder. 

Monitoring  the  backwash  from  the  top  of 
the  media  filter. 

Consequences  If  this  procedure  is  not  followed,  missing  or  inaccurate  data  could  occur.  This  table  lists 
of  Deviation  consequences  of  deviation  from  the  procedure  steps  or  general  operating  limits. 


Type  of  Deviation 


Consequences  and  How  to  Avoid 
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Sample  not  taken  at  the  right 

Inaccurate  data  collected  will  lead  to  inaccurate  results. 

time. 

Would  require  another  sample  to  be  taken,  wasting  time 

and  money.  Make  sure  to  follow  the  steps  during  the 

media  filter  backwash. 

Procedure 


Step 

Action 

1 

Consult  with  APT  water  to  determine  when  operating  personnel  should  be 
present  to  take  sample. 

2 

Initiate  Media  Filter  backwash. 

•  From  the  Main  Menu,  go  to  the  “Filtration  Overview”  screen. 

•  Change  the  “dP  to  Initiate  Backwash”  value  to  a  number  less  than 
the  “Filter  dP”  value. 

•  After  60  seconds,  the  “Filter  Backwash  Trigger”  will  read  ON  and 
shortly  after  that  Backwash  pump  (P-514)  will  turn  on  and  water 
from  the  product  tank  will  start  flowing  backwards  through  the 
filter.  P-514  will  stay  on  during  the  entire  backwash  process  and 
will  turn  off  20  min  40  sec  after  backwash  process  is  initiated. 

•  The  lower  right  comer  of  the  “Filtration  Overview”  screen  will 
change  from  “NOT  Backwashing”  to  “Backwashing.” 

3 

Backwash  process  for  the  media  filter  will  go  through  the  following  steps: 
Step:  Approx,  duration  time  (min)*: 

1  Backwash  10-13 

2  Settle  1-1.5 

3Purge  3.5-4 

4Start  next  0.5-1 

*These  are  just  estimates  and  the  actual  duration  time  could  be  different. 

4 

Using  the  6  foot  ladder,  monitor  the  backwash  process  from  the  top  of  the 
filter:  an  arrow  on  the  Hydrus  valve  will  point  to  the  current  step  and  will 
move  clockwise  from  one  step  to  the  next. 

Figure  1.  Top  view  of  the  Hydrus  valve  located  on  the  top  of  the  Filter. 
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5 

Take  sample  from  SP-506  during  the  Backwash  step  (#1): 

•  The  entire  Backwash  process  will  use  400-500  gallons  of  water  and 
the  initial  volume  concentration  may  not  be  equal  the  final  volume 
concentration;  therefore,  it  is  recommended  to  collect  five  samples 
of  ~200mL  each  at  1,  3,5,7,  and  9  minutes  after  step  1  begins.  Purge 
and  then  collect  samples. 

•  Use  all  samples  taken  to  make  a  composite  sample  of  about  1  Liter 
for  analysis. 

6 

Regardless  of  the  current  step,  P-514  will  always  be  on  during  the  entire 
Backwash  process  and  will  try  to  achieve  a  Filter  Outlet  pressure  equal  to 
the  setpoint  (i.e.  30psig).  You  can  access  this  by  going  to  the  “Filter  BW 
Pressure  PID”  screen  from  the  Main  Menu  or  by  pushing  the  filter  outlet 
pressure  button  directly  from  the  “Filtration  Overview”  screen.  This 
pressure  may  not  be  possible  to  reach  if  a  process  valve  is  not  throttled  in 
the  field. 

7 

During  the  Settle  step  (#2)  nothing  will  be  flowing  through  the  filter 
(internal  filter  media  valve  will  close).  P-5 14’s  speed  will  adjust  (slow 
down)  to  reach  the  pressure  equal  to  that  of  the  step  point  during  this  step. 

8 

Water  will  flow  through  the  filter  during  the  Purge  step  (#3)  (internal  filter 
media  valve  will  open). 

9 

P-514  is  programmed  to  run  for  20min  and  40  seconds  after  the  backwash 
process  is  initiated.  This  should  be  enough  time  for  the  backwash  valve  to 
cycle  through  completely. 
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APPENDIX  E 

QUALITY  ASSURANCE  AND  QUALITY  CONTROL 


1.0  METHODS 

Quality  assurance  (QA)  and  quality  control  (QC)  samples  were  analyzed  to  provide  site-specific, 
field-originated  information  to  assess  whether  data  were  of  defensible  quality  as  detennined  by 
adherence  to  the  project’s  QA/QC  requirements  outlined  in  the  Quality  Assurance  Project  Plan 
(QAPP).  QA/QC  samples  were  collected  concurrently  with  field  samples  and  equally  represented 
the  medium  being  sampled  at  a  given  time  and  location.  The  following  QA/QC  samples  were 
collected: 

•  Field  Duplicates 

•  Matrix  Spike/Matrix  Spike  Duplicates 

•  Trip  Blanks 

1.1  FIELD  DUPLICATES 

Field  duplicate  samples  were  collected  to  aid  evaluation  of  the  homogeneity  of  the  sample  matrix 
and  the  consistency  of  the  sampling  effort.  Feld  duplicates  also  provided  an  assessment  of 
precision  including  sampling  and  handling  error.  Field  duplicates  were  collected  at  a  frequency 
of  approximately  one  field  duplicate  sample  per  10  samples  collected.  Field  duplicates  were 
collected  concurrently  with  the  primary  environmental  samples  and  equally  represented  the 
medium  at  a  given  time  and  location. 

The  precision  goal  for  sample  pairs  whose  values  were  greater  than  10  times  the  practical 
quantitation  limit  (PQL)  was  a  relative  percent  deviation  (RPD)  of  less  than  or  equal  to 
25  percent  (%).  For  sample  pairs  that  had  one  or  both  values  less  than  10  times  the  PQL,  the 
precision  goal  was  an  RPD  of  less  than  or  equal  to  50%.  Sample  pairs  that  had  one  or  both  values 
that  were  less  than  the  PQL  had  no  RPDs  calculated.  If  the  precision  goals  were  not  met  for  any 
given  sampling  round,  the  project  manager  and  field  team  leader  performed  a  review  of  sample 
collection  and  handling  procedures.  For  analyses  performed  in  the  field,  the  field  procedures 
were  also  reviewed. 

1.2  MATRIX  SPIKE/MATRIX  SPIKE  DUPLICATES 

Matrix  spike/matrix  spike  duplicate  (MS/MSD)  samples  assess  laboratory  instrument  accuracy 
and  the  matrix  effects  on  the  results.  Specific  samples  for  MS/MSD  analysis  were  not  collected 
for  this  project;  instead,  MS/MSDs  were  included  with  each  sample  run  and  included  in  the 
analytical  laboratory’s  report.  The  frequency  of  MS/MSD  analysis  was  approximately  one  in  20 
samples.  The  only  parameters  that  required  matrix  spikes  were  the  volatile  organic  compound 
(VOC)  and  perchlorate  samples  analyzed  by  an  offsite  laboratory.  The  accuracy  goal  for  these 
samples  was  a  percent  recovery  of  70-130%. 
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1.3  TRIP  BLANKS 


Trip  blanks  provide  an  assessment  of  VOC  cross-contamination  during  sample  handling  and 
shipment  to  the  off-site  laboratory.  Trip  blank  samples  were  collected  with  each  cooler 
containing  samples  for  VOC  analysis  starting  in  the  Optimization  phase.  The  accuracy  goal  for 
all  trip  blanks  was  no  detections  of  analytes  in  these  samples.  The  lab  was  instructed  to  hold  trip 
blanks  until  VOC  analyses  were  complete  and  data  were  validated.  If  questionable  analytical 
results  were  obtained,  then  the  trip  blanks  were  run  to  determine  if  possible  contamination 
existed.  However,  there  were  no  questionable  results  during  the  project  so  no  trip  blanks  were 
analyzed  during  the  project. 

2.0  CALIBRATION  PROCEDURES 

Calibration  procedures  followed  procedures  outlined  in  the  QAPP  and  manufacturer’s 
specifications.  Laboratory  analytical  calibration  procedures  were  conducted  in  accordance  with 
the  QAPP  and  the  laboratory’s  QA  manual. 

2.1  WATER  MONITORING  INSTRUMENTS 

Field  instruments  were  calibrated  in  the  field  at  the  beginning  of  each  day  (see  Appendix  D  for 
records).  Field  water  monitoring  instruments  included  a  Hach  2100N  turbidity  meter  and  Oakton 
pH,  temperature,  and  ORP  probe.  Standards  used  for  pH  calibration  included  Oakton  4.0,  7.0  and 
10.0  standard  unit  solutions.  Standards  used  for  the  turbidity  meter  calibration  included  Hach  0, 
20,  200,  1000  and  4000  Nephelometric  Turbidity  Units  (NTU)  high  range  standards,  and  Hach 
0.136,  0.300,  and  0.500  NTU  low  range  standards  were  used  for  verification. 

2.2  AIR  MONITORING  INSTRUMENTS 

Air  quality  monitoring  was  warranted  when  an  odor  of  hydrogen  sulfide  was  detected  during 
Steady  State  operations.  Two  four-gas  meters  were  used  during  the  study,  one  was  a  Scientific 
Instruments  gas  meter  and  the  other  an  Equipco  QREA.  The  four-gas  meters  were  calibrated  at 
the  beginning  of  each  field  day  where  air  monitoring  took  place.  Standards  used  for  calibration 
included  a  mixed  cylinder  containing  50.0%  carbon  monoxide,  12.5%  oxygen,  50.0%  methane, 
and  25%  hydrogen  sulfide.  See  Appendix  D  for  calibration  records. 

2.3  SYSTEM  MONITORING  EQUIPMENT 

The  Operator  Interface  Terminal  (OIT)  data  displayed  monitoring  information  from  online 
sensors  at  the  site,  and  these  data  were  also  available  for  remote  monitoring  through  an  internet 
web  address.  Equipment  which  required  regular  calibration  and  maintenance  is  shown  in  Table 
1.  A  full  description  of  equipment  operations  and  maintenance  is  included  in  Appendix  G,  the 
O&M  Manual. 
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Table  1  Field  Equipment  Inspection  and  Calibration  Frequency 


Equipment 

Manufacturer 

Function 

Frequency 

Mass  flow  meter 

MKS  Instruments 

Chemical  gas  flow  rate 

As  needed 

Pressure  gauge 

— 

Chemical  gas  pressure 

As  needed 

Magnetic  flow  meter 

Signet 

Water  flow  rate 

Quarterly 

Pressure  gauge 

— 

Water  pressure 

As  needed 

Level  sensor 

Warrick 

Tank  Water  level 

As  needed 

Dryloc  pH  probe 

Signet 

pH 

1-4  weeks 

Dryloc  Oxidation 
reduction  potential 
(ORP)  probe 

Signet 

ORP 

1-4  weeks 

Turbidity  Sensor 

TurbiMax 

Turbidity 

Quarterly 

Nitrate  Analyzer 

Stamosens 

Nitrate  concentration 

Monthly 

Lower  explosive  limit 
(LEL)  detector 

LEL 

Quarterly 

3.0  RESULTS 

A  total  of  2,350  analyses  were  perfonned  during  the  demonstration,  and  201  field  duplicate 
samples  were  collected  and  evaluated  for  precision  and  accuracy  (Table  2).  The  field  duplicate 
rate  of  sample  collection  was  slightly  lower  than  planned  at  9%.  The  average  RPD  for 
heterotrophic  plate  counts  (HPCs)  was  118%,  which  exceeded  the  RPD  threshold  of  25%.  Of  the 
six  field  duplicate  samples  tested,  three  had  considerably  high  RPDs  of  184,  174,  and  114% 
(these  samples  were  above  10  times  the  PQL).  While  this  did  not  meet  the  data  usability 
objective,  HPC  is  a  bioassay  and  as  such  is  notorious  for  having  a  high  degree  of  variability 
between  samples.  Results  for  HPCs  are  generally  interpreted  with  order  of  magnitude  differences 
being  significant  because  of  this  difficulty. 

Remaining  samples  had  average  RPDs  below  threshold  values  for  usability.  While  the  average 
RPD  for  DOC  was  below  the  threshold,  there  was  one  field  duplicate  with  an  RPD  of  63%;  this 
sample  had  a  very  low  concentration  near  the  PQL  (1.1  vs  0.57  mg/L  with  a  PQL  of  1  mg/L). 
Two  TCE  sample  results  were  above  the  threshold  for  data  usability  with  an  RPD  of  76  and  79%, 
respectively.  Similarly,  these  samples  had  low  concentrations.  Total  suspended  solids  had  RPDs 
which  exceeded  the  data  quality  threshold  of  50%  in  three  samples.  Two  of  the  samples  had 
RPDs  of  58  and  67%,  respectively.  In  each  of  these  cases,  the  measurements  were  either  at  or  as 
much  as  10%  less  than  the  PQL.  The  remaining  sample  had  an  RPD  of  156%,  but  again  these 
results  were  very  close  to  the  PQL  (4.8  and  0.6  mg/L  with  a  PQL  of  1.0  mg/L). 

MS/MSDs  were  only  required  for  VOCs  and  perchlorate  with  an  accuracy  goal  of  70-130% 
recovery.  The  percent  recovery  of  perchlorate  samples  averaged  103%.  The  percent  recovery  for 
the  VOC  samples  including  TCE,  cis-1,2  dichloroethene  and  vinyl  chloride  was  94%,  105%  and 
93%  respectively.  The  analytical  laboratory  performed  MS/MSDs  for  several  other  parameters  as 
part  of  their  laboratory  QA  program.  No  samples  exceeded  the  percent  recovery  thresholds  for 
data  quality  (Table  2). 
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Table  2  Data  Quality  Indicators 


Analyte 

No.  Field 
Samples 

No.  Field 
Duplicates 

Average 

RPD 

No. 

MS/MSDs 

Average 
Percent 
Recovery  (%) 

Perchlorate 

404 

44 

8% 

20 

103% 

Perchlorate  (confirmatory) 

63 

4 

3% 

3 

83% 

Nitrate 

168 

17 

7% 

8 

97% 

Nitrite 

167 

17 

6% 

8 

101% 

Total  suspended  solids 

63 

7 

40% 

5 

82%^ 

Threshold  odor  number 

17 

1 

0% 

1 

94%2 

Fecal  coliforms 

100 

6 

0% 

5 

83%^ 

Total  coliforms 

100 

6 

0% 

5 

89%^ 

E  coli 

36 

4 

0% 

2 

86%^ 

Heterotrophic  plate  count 

90 

6 

118% 

5 

78%^ 

DOC 

119 

8 

18% 

6 

100% 

TCE 

168 

14 

15% 

9 

94% 

cis-l,2-DCE 

166 

14 

0% 

8 

105% 

VC 

113 

14 

0% 

6 

93% 

TTHMs 

20 

3 

3% 

1 

127% 

Sulfate 

46 

4 

2% 

2 

100% 

Total  sulfide 

125 

4 

10% 

6 

84% 

Alkalinity 

83 

7 

3% 

4 

110%2 

Total  dissolved  solids 

90 

7 

2% 

4 

93%^ 

Haloacetic  acids 

38 

3 

1% 

2 

108% 

Phosphate 

27 

2 

18% 

1 

116% 

Ammonia 

41 

4 

30% 

2 

109% 

Hardness 

82 

7 

1% 

4 

9l%^ 

N-Nitrosodiethylamine 

6 

0 

i 

1 

106%2 

N -N  itro  sodimethy  lamine 

6 

0 

i 

1 

95. 5%2 

N-Nitroso-di-n- 

propylamine 

6 

0 

i 

1 

92. 5%2 

TTHM-FP 

12 

0 

l 

1 

l 

Turbidity 

4 

0 

i 

1 

10 1%2 

Notes:  not  determined. 

2 

'  MS/MSD  sample  results  were  not  from  the  current  study  but  were  included  in  the 
analytical  report  for  samples  analyzed  with  the  same  batch  that  day. 


Completeness  of  data  was  assessed  as  the  percentage  of  valid  samples  that  met  precision  and 
accuracy  requirements  compared  to  the  total  number  of  samples.  The  completeness  goal  for  this 
project  was  90%,  as  defined  in  the  Demonstration  Plan  QAPP.  Completeness  was  tracked  both 
for  individual  sampling  rounds  and  cumulatively  over  the  course  of  the  demonstration. 
Completeness  was  >99%,  as  only  two  samples  were  not  useable  due  to  holding  time 
exceedances.  There  were  two  samples  that  exceeded  the  holding  time  for  nitrate.  These  samples 
were  collected  during  the  Challenge  phase  on  January  12,  2012.  The  samples  were  collected 
from  the  finished  water,  one  was  a  field  duplicate.  The  samples  were  eliminated  from  further 
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analysis.  While  there  were  some  data  points  that  exceeded  the  accuracy  data  quality  objective  for 
HPCs,  the  samples  were  included  with  the  understanding  that  HPC  is  an  inherently  difficult  test 
to  reproduce  and  at  most  order  of  magnitude  changes  should  be  assessed  to  determine 
differences. 
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APPENDIX  F 

LABORATORY  ANALYTICAL  DATA 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

4/22/2011 

-6 

0 

4/25/2011 

-3 

0 

4/27/2011 

-1 

0 

4/29/2011 

1 

5 

5/2/2011 

4 

5 

5/4/2011 

6 

5 

5/6/2011 

8 

5 

5/9/2011 

11 

5 

5/11/2011 

13 

5 

5/13/2011 

15 

8 

5/16/2011 

18 

10 

5/18/2011 

20 

10 

5/20/2011 

22 

10 

5/23/2011 

25 

8 

5/25/2011 

27 

8 

5/27/2011 

29 

8 

6/1/2011 

34 

10 

6/3/2011 

36 

10 

6/6/2011 

39 

12 

6/10/2011 

43 

12 

6/13/2011 

46 

12 

6/16/2011 

49 

12 

6/20/2011 

53 

12 

6/27/2011 

60 

12 

7/5/2011 

68 

16 

7/11/2011 

74 

16 

7/18/2011 

81 

10 

7/25/2011 

88 

20 

8/1/2011 

95 

22 

8/8/2011 

102 

20 

8/15/2011 

109 

18 

8/17/2011 

111 

18 

58 

1 

51 

1 

53 

1 

58 

<  1 

MBfR  Influent 


Date 

Time 

Target 

Flow 

Rate 

Perchlorate 

EPA  Method  314.0 

days 

gpm 

pg/L 

8/19/2011 

113 

18 

170 

8/26/2011 

120 

15 

160 

8/31/2011 

125 

15 

170 

9/2/2011 

127 

15 

170 

9/7/2011 

132 

15 

160 

9/9/2011 

134 

10 

160 

9/12/2011 

137 

10 

160 

9/14/2011 

139 

10 

170 

9/16/2011 

141 

20 

170 

9/19/2011 

144 

5 

180 

10/3/2011 

158 

10 

160 

10/5/2011 

160 

10 

150 

10/7/2011 

162 

10 

160 

10/10/2011 

165 

5 

160 

10/12/2011 

167 

5 

150 

10/14/2011 

169 

5 

160 

10/17/2011 

172 

10 

160 

10/19/2011 

174 

10 

160 

10/21/2011 

176 

10 

140 

10/26/2011 

181 

10 

160 

10/28/2011 

183 

10 

160 

10/31/2011 

186 

10 

120 

11/2/2011 

188 

10 

150 

11/4/2011 

190 

10 

160 

11/7/2011 

193 

10 

160 

11/9/2011 

195 

10 

140 

11/11/2011 

197 

10 

130 

11/16/2011 

202 

10 

11/18/2011 

204 

10 

160 

11/22/2011 

208 

10 

150 

11/28/2011 

214 

8 

160 

11/30/2011 

216 

8 

140 

MBfR  Influent 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

12/9/2011 

225 

6 

12/14/2011 

230 

6 

12/16/2011 

232 

6 

12/19/2011 

235 

6 

12/21/2011 

237 

6 

12/23/2011 

239 

6 

12/27/2011 

243 

6 

12/28/2011 

244 

6 

12/30/2011 

246 

6 

1/3/2012 

250 

6 

1/4/2012 

251 

6 

1/6/2012 

253 

6 

1/9/2012 

256 

6 

1/11/2012 

258 

6 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/25/2012 

272 

6 

mg/L-N  mg/L-N  mg/L-N  mg/L-N  mg/L  I  jug/L  I  pg/L 


9.3 

0.15 

9.2 

0.15 

9.3 

0.14 

9.2 

0.5 

58 

1 

57 

1 

9.2  0.15 


9.2  0.5 


60  1 


F-3 


MBfR  Influent 


U 

> 

Acetone 

Sulfate 

Alkalinity 

TDS 

Turbidity 

TTHMs 

TTHM-F  ormation 

Potential 

HAA5 

HAA6 

Phosphate 

Hardness 

Pg/I 

flg/] 

mg/L 

mg/L 

mg/L 

NTU 

flg/l 

pg/L 

pg/L 

mg/L 

mg/L 

0.5 

ES 

23 

270 

8.6 

6 

ES 

7 

ES 

190 

0.5 

ES 

22 

150 

250 

6 

ES 

7 

ES 

200 

0.5 

ES 

10 

ES 

22 

150 

220 

6 

ES 

7 

ES 

190 

0.5 

ES 

22 

140 

280 

19 

19 

200 

0.5 

ES 

22 

140 

300 

210 

Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

4/22/2011 

-6 

0 

4/25/2011 

-3 

0 

4/27/2011 

-1 

0 

4/29/2011 

1 

5 

5/2/2011 

4 

5 

5/4/2011 

6 

5 

5/6/2011 

8 

5 

5/9/2011 

11 

5 

5/11/2011 

13 

5 

5/13/2011 

15 

8 

5/16/2011 

18 

10 

5/18/2011 

20 

10 

5/20/2011 

22 

10 

5/23/2011 

25 

8 

5/25/2011 

27 

8 

5/27/2011 

29 

8 

6/1/2011 

34 

10 

6/3/2011 

36 

10 

6/6/2011 

39 

12 

6/10/2011 

43 

12 

6/13/2011 

46 

12 

6/16/2011 

49 

12 

6/20/2011 

53 

12 

6/27/2011 

60 

12 

7/5/2011 

68 

16 

7/11/2011 

74 

16 

7/18/2011 

81 

10 

7/25/2011 

88 

20 

8/1/2011 

95 

22 

8/8/2011 

102 

20 

8/15/2011 

109 

18 

8/17/2011 

111 

18 

Strainer 


Perchlorate  Perchlorate 
Phosphate  EPA  Method  EPA  Method 
314.0  332.0 


mg/L 


Lead  Reactor 


Strainer 


Date 

Time 

Target 

Flow 

Rate 

Phosphate 

Perchlorate 

EPA  Method 

314.0 

Perchlorate 

EPA  Method 

332.0 

Nitrate 

mg/L-lN 

2 

days 

gpm 

mg/L 

pg/L 

pg/L 

8/19/2011 

113 

18 

150 

8/26/2011 

120 

15 

61 

70 

8/31/2011 

125 

15 

57 

9/2/2011 

127 

15 

76 

3 

1.2 

9/7/2011 

132 

15 

0.21 

110 

100 

9/9/2011 

134 

10 

0.46 

65 

9/12/2011 

137 

10 

0.23 

47 

39 

9/14/2011 

139 

10 

69 

9/16/2011 

141 

20 

99 

0.44 

3.4 

1 

0.16 

9/19/2011 

144 

5 

13 

10/3/2011 

158 

10 

130 

10/5/2011 

160 

10 

0.35 

94 

80 

10/7/2011 

162 

10 

39 

10/10/2011 

165 

5 

7 

10/12/2011 

167 

5 

12 

10/14/2011 

169 

5 

8.1 

3.7 

10/17/2011 

172 

10 

0.16 

150 

140 

10/19/2011 

174 

10 

110 

10/21/2011 

176 

10 

130 

1 

10/26/2011 

181 

10 

0.33 

110 

99 

10/28/2011 

183 

10 

130 

10/31/2011 

186 

10 

80 

0.48 

11/2/2011 

188 

10 

0.16 

44 

45 

11/4/2011 

190 

10 

47 

11/7/2011 

193 

10 

42 

0.57 

11/9/2011 

195 

10 

0.26 

31 

32 

11/11/2011 

197 

10 

31 

11/16/2011 

202 

10 

0.88 

0.97 

1.1 

11/18/2011 

204 

10 

0.34 

50 

49 

11/22/2011 

208 

10 

80 

72 

11/28/2011 

214 

8 

0.36 

78 

11/30/2011 

216 

8 

61 

Lead  Reactor 


Nitrate+ 

Nitrite 

Total 

Sulfide 

TCE 

cis  1,2-DCE 

VC 

Alkalinity 

TDS 

Hardness 

mg/L-N 

mg/L 

pg/L 

pg/L 

pg/L 

mg/L 

mg/L 

mg/L 

0.59 

5.3 

2 

1.62 

2.47 

2.5 

42 

1 

46 

1 

46 

1 

170 

240 

210 

160 

240 

190 

170 

240 

200 

Strainer 


Date 

Time 

Target 

Flow 

Rate 

Phosphate 

Perchlorate 

EPA  Method 

314.0 

Perchlorate 

EPA  Method 

332.0 

days 

gpm 

mg/L 

pg/L 

pg/L 

12/9/2011 

225 

6 

12/14/2011 

230 

6 

56 

12/16/2011 

232 

6 

0.49 

62 

12/19/2011 

235 

6 

55 

12/21/2011 

237 

6 

58 

12/23/2011 

239 

6 

56 

12/27/2011 

243 

6 

0.43 

56 

12/28/2011 

244 

6 

47 

12/30/2011 

246 

6 

49 

1/3/2012 

250 

6 

0.83 

45 

1/4/2012 

251 

6 

40 

1/6/2012 

253 

6 

59 

1/9/2012 

256 

6 

0.54 

50 

1/11/2012 

258 

6 

99 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/25/2012 

272 

6 

Lead  Reactor 


Nitrate 

Nitrite 

Nitrate+ 

Nitrite 

Total 

Sulfide 

TCE 

cis  1,2-DCE 

VC 

Alkalinity 

TDS 

Hardness 

mg/L-N 

mg/L-N 

mg/L-N 

mg/L 

pg/L 

pg/L 

pg/L 

mg/L 

mg/L 

mg/L 

1.2 

0.72 

1.92 

53 

1 

E 

0.5 

Q 

34 

250 

180 

1.1 

0.92 

2.02 

46 

1 

E 

0.5 

E 

160 

240 

190 

1 

0.84 

1.84 

45 

1 

e 

0.5 

E 

170 

240 

190 

0.86 

1.1 

1.96 

46 

1 

E 

0.5 

E 

180 

270 

210 

0.87 

0.74 

1.61 

43 

1 

Q 

0.5 

E 

180 

280 

210 

F-6 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

4/22/2011 

-6 

0 

4/25/2011 

-3 

0 

4/27/2011 

-1 

0 

4/29/2011 

1 

5 

5/2/2011 

4 

5 

5/4/2011 

6 

5 

5/6/2011 

8 

5 

5/9/2011 

11 

5 

5/11/2011 

13 

5 

5/13/2011 

15 

8 

5/16/2011 

18 

10 

5/18/2011 

20 

10 

5/20/2011 

22 

10 

5/23/2011 

25 

8 

5/25/2011 

27 

8 

5/27/2011 

29 

8 

6/1/2011 

34 

10 

6/3/2011 

36 

10 

6/6/2011 

39 

12 

6/10/2011 

43 

12 

6/13/2011 

46 

12 

6/16/2011 

49 

12 

6/20/2011 

53 

12 

6/27/2011 

60 

12 

7/5/2011 

68 

16 

7/11/2011 

74 

16 

7/18/2011 

81 

10 

7/25/2011 

88 

20 

8/1/2011 

95 

22 

8/8/2011 

102 

20 

8/15/2011 

109 

18 

8/17/2011 

111 

18 

Lag  Reactor 

Perchlorate 

EPA  Method 

314.0 

Perchlorate 

EPA  Method  332.0 

Ammonia 

Nitrate 

Nitrite 

Nitrate+ 

Nitrite 

Fecal  Coliforms 

Total  Coliforms 

E.  coli 

Plate  Count 

DOC 

TCE 

cis  1,2-DCE 

U 

> 

Sulfide 

Alkalinity 

TDS 

Turbidity 

Hardness 

Pg/L 

Pg/L 

mg/L-N 

mg/L-N 

mg/L-N 

mg/L-N 

MPN/ 

100  ml 

MPN/ 

100  ml 

MPN/ 

100  m  I . 

CFU/ml 

mg/L 

pg/L 

pg/L 

pg/L 

pg/L 

mg/L 

mg/L 

NTU 

mg/L 

0.22 


0.08 


0.11 


0.16 


0.079 


0.078 


0.11 


2.62 


0.39 


0.26 


1.12 


0.399 


0.228 


0.26 


>7380 


>7380 


>7380 


>7380 


1.4  45  1  U  0.5 


0.66  49  1  U  0.5  U  0.1 


0.023 


0.1 


45 

1 

59 

1 

0.26  41  1  U  0.5  U  0.18 


0.12 


0.39  52  1  U  0.5  U  0.027 


180  250 


250 


180 

250 

190 

240 

180  250 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

8/19/2011 

113 

18 

8/26/2011 

120 

15 

8/31/2011 

125 

15 

9/2/2011 

127 

15 

9/7/2011 

132 

15 

9/9/2011 

134 

10 

9/12/2011 

137 

10 

9/14/2011 

139 

10 

9/16/2011 

141 

20 

9/19/2011 

144 

5 

10/3/2011 

158 

10 

10/5/2011 

160 

10 

10/7/2011 

162 

10 

10/10/2011 

165 

5 

10/12/2011 

167 

5 

10/14/2011 

169 

5 

10/17/2011 

172 

10 

10/19/2011 

174 

10 

10/21/2011 

176 

10 

10/26/2011 

181 

10 

10/28/2011 

183 

10 

10/31/2011 

186 

10 

11/2/2011 

188 

10 

11/4/2011 

190 

10 

11/7/2011 

193 

10 

11/9/2011 

195 

10 

11/11/2011 

197 

10 

11/16/2011 

202 

10 

11/18/2011 

204 

10 

11/22/2011 

208 

10 

11/28/2011 

214 

8 

11/30/2011 

216 

8 

Lag  Reactor 

Perchlorate 

EPA  Method 

314.0 

Perchlorate 

EPA  Method  332.0 

Ammonia 

Nitrate 

Nitrite 

Nitrate+ 

Nitrite 

Fecal  Coliforms 

Total  Coliforms 

E.  coli 

Plate  Count 

DOC 

TCE 

cis  1,2-DCE 

U 

> 

Sulfide 

Alkalinity 

TDS 

Turbidity 

Hardness 

Pg/L 

Pg/L 

mg/L-N 

mg/L-N 

mg/L-N 

mg/L-N 

MPN/ 

100  ml 

MPN/ 

100  ml 

MPN/ 

100  m  I . 

CFU/ml 

mg/ 1. 

pg/L 

pg/L 

pg/L 

pg/L 

mg/L 

mg/L 

NTU 

mg/L 

8.6 

0.12 

14 

0.5 

11 

0.5 

0.21  0.309 


0.15  U  0.11 


0.097 


0.11 


0.086  J  0.15  U  0.086 


129,000 


4,000 


1,600 


46700 


10600 


145000 


3400 


25600 


4250 


56  1  U  0.5  U  0.22 


50  1  U  0.5  U  0.41 


52  1  U  0.5  U  4.0 


44  1  U  0.5  U  0.36 


49  1  U  0.5  U  0.074 


43  1  U  0.5  U  1.6 


51  1  U  0.5  U  1.3 


39 

1 

45 

1 

41 

1 

0.5  U  0.31 


0.5  U  0.16 


0.5  U  0.15 


190 

240 

180 

250 

190 

210 

Date 

Time 

Target 

Flow 

Rate 

Perchlorate 

EPA  Method 

314.0 

Perchlorate 

EPA  Method  332.0 

Ammonia 

Nitrate 

Nitrite 

Nitrate+ 

Nitrite 

Fecal  Coliforms 

MPN/ 

days 

gpm 

Pg/L 

Pg/L 

mg/L-N 

mg/L-N 

mg/L-N 

mg/L-N 

100  ml 

12/9/2011 

225 

6 

12/14/2011 

230 

6 

10 

12/16/2011 

232 

6 

7.9 

8.7 

0.32 

□ 

0.11 

B 

0.15 

B 

0.15 

B 

2 

HI 

12/19/2011 

235 

6 

9.6 

9.9 

0.18 

0.07 

D 

0.15 

B 

0.07 

D 

2 

HI 

12/21/2011 

237 

6 

9.6 

12/23/2011 

239 

6 

8.7 

12/27/2011 

243 

6 

9.3 

8.7 

0.33 

□ 

0.11 

0.13 

□ 

0.24 

2 

HI 

12/28/2011 

244 

6 

8.3 

12/30/2011 

246 

6 

10 

1/3/2012 

250 

6 

6.8 

7.3 

0.33 

0.069 

D 

0.15 

□ 

0.069 

D 

2 

HI 

1/4/2012 

251 

6 

7.7 

1/6/2012 

253 

6 

8.9 

1/9/2012 

256 

6 

6.9 

6.5 

0.13 

0.082 

D 

0.15 

B 

0.082 

D 

2 

HI 

1/11/2012 

258 

6 

16 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/25/2012 

272 

6 

F-9 


Lag  Reactor 


Total  Coliforms 

E.  coli 

Plate  Count 

DOC 

TCE 

cis  1,2-DCE 

U 

> 

Sulfide 

Alkalinity 

TDS 

Turbidity 

Hardness 

MPN/ 

100  ml 

MPN/ 

100  m  1 . 

CFU/ml 

mg/1 

pg/L 

Pg/] 

Pg/I 

pg/L 

mg/L 

mg/L 

NTU 

mg/L 

36.7 

2 

H 

11800 

3.8 

43 

1 

H 

0.5 

H 

0.43 

38 

250 

180 

2 

H 

2 

H 

138000 

2.9 

39 

1 

H 

0.5 

H 

0.8 

180 

230 

190 

8 

2 

H 

136000 

1.7 

43 

1 

H 

0.5 

H 

1.1 

190 

250 

190 

2 

H 

2 

H 

6900 

2 

14 

1 

H 

0.5 

H 

1.6 

200 

260 

480 

13 

2 

H 

9500 

1.3 

34 

1 

H 

0.5 

H 

0.26 

190 

260 

210 

Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

4/22/2011 

-6 

0 

4/25/2011 

-3 

0 

4/27/2011 

-1 

0 

4/29/2011 

1 

5 

5/2/2011 

4 

5 

5/4/2011 

6 

5 

5/6/2011 

8 

5 

5/9/2011 

11 

5 

5/11/2011 

13 

5 

5/13/2011 

15 

8 

5/16/2011 

18 

10 

5/18/2011 

20 

10 

5/20/2011 

22 

10 

5/23/2011 

25 

8 

5/25/2011 

27 

8 

5/27/2011 

29 

8 

6/1/2011 

34 

10 

6/3/2011 

36 

10 

6/6/2011 

39 

12 

6/10/2011 

43 

12 

6/13/2011 

46 

12 

6/16/2011 

49 

12 

6/20/2011 

53 

12 

6/27/2011 

60 

12 

7/5/2011 

68 

16 

7/11/2011 

74 

16 

7/18/2011 

81 

10 

7/25/2011 

88 

20 

8/1/2011 

95 

22 

8/8/2011 

102 

20 

8/15/2011 

109 

18 

8/17/2011 

111 

18 

MBfR  Solids 

Aeration 

Lead 

First 

Lead 

Second 

Lag 

First 

Lag 

Second 

TSS 

TDS 

Total 

Sulfate 

Fecal 

Total 

Plate 

E,  coli 

DOC 

TCE 

cis  1,2-DCE 

VC 

Turbidity 

Drain 

Drain 

Drain 

Drain 

Sulfide 

Coliforms 

Coliforms 

Count 

TSS 

TSS 

TSS 

TSS 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

MPN/100  ml 

MPN/100  ml 

CFU/ml 

MPN/100  ml 

mg/L 

Pg/L 

Pg/L 

pg/L 

NTU 

6,230 


>7380 


>7380 


>7380 


5,550 


>7380 


6,000 


9,500 


31 

1 

41 

1 

F-10 


MBfR  Solids 


Aeration 


Date 


8/19/2011 

8/26/2011 

8/31/2011 

9/2/2011 

9/7/2011 

9/9/2011 

9/12/2011 

9/14/2011 

9/16/2011 

9/19/2011 

10/3/2011 

10/5/2011 

10/7/2011 

10/10/2011 

10/12/2011 

10/14/2011 

10/17/2011 

10/19/2011 

10/21/2011 

10/26/2011 

10/28/2011 

10/31/2011 

11/2/2011 

11/4/2011 

11/7/2011 

11/9/2011 

11/11/2011 

11/16/2011 

11/18/2011 

11/22/2011 

11/28/2011 

11/30/2011 


Target  Lead 
Time  Flow  First 
Rate  Drain 
TSS 


Lead  Lag  Lag 

Second  First  Second 
Drain  Drain  Drain 

TSS  TSS  TSS 


Total  Fecal 

TDS  Sulfate 

Sulfide  Coliforms 


Total  Plate 
Coliforms  Count 


DOC  TCE  cis  1,2-DCE  VC  Turbidity 


F-ll 


MBfR  Solids 


Date 

Time 

Target 

Flow 

Rate 

Lead 

First 

Drain 

TSS 

Lead 

Second 

Drain 

TSS 

Lag 

First 

Drain 

TSS 

Lag 

Second 

Drain 

TSS 

TSS 

TDS 

Total 

Sulfide 

days 

gpm 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

12/9/2011 

225 

6 

12/14/2011 

230 

6 

12/16/2011 

232 

6 

1 

U 

210 

0.16 

12/19/2011 

235 

6 

0.1 

H,  J 

230 

0.31 

12/21/2011 

237 

6 

12/23/2011 

239 

6 

12/27/2011 

243 

6 

1 

U 

240 

0.18 

12/28/2011 

244 

6 

12/30/2011 

246 

6 

24 

6.5 

14 

7.2 

1/3/2012 

250 

6 

0.7 

J 

250 

0.82 

1/4/2012 

251 

6 

1/6/2012 

253 

6 

1/9/2012 

256 

6 

270 

0.1 

1/11/2012 

258 

6 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/25/2012 

272 

6 

Aeration 


Sulfate 

Fecal 

Coliforms 

Total 

Coliforms 

Plate 

Count 

E.  coli 

DOC 

TCE 

cis  1,2-DCE 

VC 

Turbidity 

mg/L 

MPN/100  ml 

MPN/100  ml 

CFU/ml 

MPN/100  ml 

mg/L 

Pg/L 

Pg/L 

pg/L 

NTU 

2 

Q 

14 

7950 

2 

(9 

4.1 

19 

1 

ES 

0.5 

(9 

2 

2 

(9 

8450 

2 

(9 

2.9 

18 

1 

E9 

0.5 

(9 

2 

(9 

8 

6050 

2 

(9 

1.7 

17 

1 

(9 

0.5 

m 

18 

2 

E9 

2 

(9 

6000 

2 

(9 

1.5 

14 

1 

(9 

0.5 

Q 

16 

2 

(9 

8 

950 

2 

(9 

1.2 

12 

1 

E9 

0.5 

(9 

F-12 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

4/22/2011 

-6 

0 

4/25/2011 

-3 

0 

4/27/2011 

-1 

0 

4/29/2011 

1 

5 

5/2/2011 

4 

5 

5/4/2011 

6 

5 

5/6/2011 

8 

5 

5/9/2011 

11 

5 

5/11/2011 

13 

5 

5/13/2011 

15 

8 

5/16/2011 

18 

10 

5/18/2011 

20 

10 

5/20/2011 

22 

10 

5/23/2011 

25 

8 

5/25/2011 

27 

8 

5/27/2011 

29 

8 

6/1/2011 

34 

10 

6/3/2011 

36 

10 

6/6/2011 

39 

12 

6/10/2011 

43 

12 

6/13/2011 

46 

12 

6/16/2011 

49 

12 

6/20/2011 

53 

12 

6/27/2011 

60 

12 

7/5/2011 

68 

16 

7/11/2011 

74 

16 

7/18/2011 

81 

10 

7/25/2011 

88 

20 

8/1/2011 

95 

22 

8/8/2011 

102 

20 

8/15/2011 

109 

18 

8/17/2011 

111 

18 

Media  Filter  Effluent 


Filter  Backwash 


Fecal 

Coliforms 

Total 

Coliforms 

Plate 

Count 

E.  coli 

DOC 

TSS 

MPN/100  ml 

MPN/100  ml 

CFU/ml 

MPN/100  ml. 

mg/L 

mg/L 

F-13 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

8/19/2011 

113 

18 

8/26/2011 

120 

15 

8/31/2011 

125 

15 

9/2/2011 

127 

15 

9/7/2011 

132 

15 

9/9/2011 

134 

10 

9/12/2011 

137 

10 

9/14/2011 

139 

10 

9/16/2011 

141 

20 

9/19/2011 

144 

5 

10/3/2011 

158 

10 

10/5/2011 

160 

10 

10/7/2011 

162 

10 

10/10/2011 

165 

5 

10/12/2011 

167 

5 

10/14/2011 

169 

5 

10/17/2011 

172 

10 

10/19/2011 

174 

10 

10/21/2011 

176 

10 

10/26/2011 

181 

10 

10/28/2011 

183 

10 

10/31/2011 

186 

10 

11/2/2011 

188 

10 

11/4/2011 

190 

10 

11/7/2011 

193 

10 

11/9/2011 

195 

10 

11/11/2011 

197 

10 

11/16/2011 

202 

10 

11/18/2011 

204 

10 

11/22/2011 

208 

10 

11/28/2011 

214 

8 

11/30/2011 

216 

8 

F-14 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

12/9/2011 

225 

6 

12/14/2011 

230 

6 

12/16/2011 

232 

6 

12/19/2011 

235 

6 

12/21/2011 

237 

6 

12/23/2011 

239 

6 

12/27/2011 

243 

6 

12/28/2011 

244 

6 

12/30/2011 

246 

6 

1/3/2012 

250 

6 

1/4/2012 

251 

6 

1/6/2012 

253 

6 

1/9/2012 

256 

6 

1/11/2012 

258 

6 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/25/2012 

272 

6 

Media  Filter  Effluent 


Filter  Backwash 


Fecal 

Coliforms 

Total 

Coliforms 

Plate 

Count 

E.  coli 

DOC 

TSS 

MPN/100  ml 

MPN/100  ml 

CFU/ml 

MPN/100  ml. 

mg/L 

mg/L 

2 

E 

11 

4950 

2 

E 

2.6 

2 

E 

2 

E 

3550 

2 

E 

2.2 

2 

E 

2 

6250 

2 

E 

1.3 

2 

E 

2 

E 

2200 

2 

E 

1.3 

66 

2 

E 

2 

E 

1200 

2 

E 

0.34 

99 

F-15 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

4/22/2011 

-6 

0 

4/25/2011 

-3 

0 

4/27/2011 

-1 

0 

4/29/2011 

1 

5 

5/2/2011 

4 

5 

5/4/2011 

6 

5 

5/6/2011 

8 

5 

5/9/2011 

11 

5 

5/11/2011 

13 

5 

5/13/2011 

15 

8 

5/16/2011 

18 

10 

5/18/2011 

20 

10 

5/20/2011 

22 

10 

5/23/2011 

25 

8 

5/25/2011 

27 

8 

5/27/2011 

29 

8 

6/1/2011 

34 

10 

6/3/2011 

36 

10 

6/6/2011 

39 

12 

6/10/2011 

43 

12 

6/13/2011 

46 

12 

6/16/2011 

49 

12 

6/20/2011 

53 

12 

6/27/2011 

60 

12 

7/5/2011 

68 

16 

7/11/2011 

74 

16 

7/18/2011 

81 

10 

7/25/2011 

88 

20 

8/1/2011 

95 

22 

8/8/2011 

102 

20 

8/15/2011 

109 

18 

8/17/2011 

111 

18 

Perchlorate 

EPA  Method  332.0 

Nitrate 

Nitrite 

Nitrate+ 

Nitrite 

Turbidity 

pg/L 

mg/L 

mg/L 

mg/L 

NTU 

MPN/ 


16 


Fecal  Coliforms 


°  *a  Total  Coliforms 


Finished  Water  (Product) 


F-16 


dimethyl-amine 


Finished  Water  (Product) 


Date 


8/19/2011 

8/26/2011 

8/31/2011 

9/2/2011 

9/7/2011 

9/9/2011 

9/12/2011 

9/14/2011 

9/16/2011 

9/19/2011 

10/3/2011 

10/5/2011 

10/7/2011 

10/10/2011 

10/12/2011 

10/14/2011 

10/17/2011 

10/19/2011 

10/21/2011 

10/26/2011 

10/28/2011 

10/31/2011 

11/2/2011 

11/4/2011 

11/7/2011 

11/9/2011 

11/11/2011 

11/16/2011 

11/18/2011 

11/22/2011 

11/28/2011 

11/30/2011 


Time 


Target 

Flow 

Rate 


days 

gpm 

113 

18 

120 

15 

125 

15 

127 

15 

132 

15 

134 

10 

137 

10 

139 

10 

141 

20 

144 

5 

158 

10 

160 

10 

162 

10 

165 

5 

167 

5 

169 

5 

172 

10 

174 

10 

176 

10 

181 

10 

183 

10 

186 

10 

188 

10 

190 

10 

193 

10 

195 

10 

197 

10 

202 

10 

204 

10 

208 

10 

214 

8 

216 

8 

Pg/L 


27 


6.9 


8.7 


11 


30 


8.1 


9.3 


m  v© 

ffi  X 


.  QJ 

v  g 

® « 

1  £ 

?  I 
*  S 


mg/L  NTU  100  ml  100  ml  CFU/ml  100  ml  mg/L 


<0.15 


0.033 


0.024 


2 

its 

10 

2 

m 

0.35 

0.065 

2 

m 

136 

2 

E9 

1.1 

0.1 

2 

!i 

1 

IB 

2 

1.9 

0.1 

Pg/L 


1.1 


1.3 


<0.0005 


Pg/L  Pg/L  Pg/L 


6  U  7 


6  U  7 


6  U  7 


6  U  7 


3.1  3.8 


1.6  1.6 


1.4  1.4 


0.0019 


0.0019  U  0.00079  J 


F-17 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

12/9/2011 

225 

6 

12/14/2011 

230 

6 

12/16/2011 

232 

6 

12/19/2011 

235 

6 

12/21/2011 

237 

6 

12/23/2011 

239 

6 

12/27/2011 

243 

6 

12/28/2011 

244 

6 

12/30/2011 

246 

6 

1/3/2012 

250 

6 

1/4/2012 

251 

6 

1/6/2012 

253 

6 

1/9/2012 

256 

6 

1/11/2012 

258 

6 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/25/2012 

272 

6 

Perchlorate 

EPA  Method  332.0 

Nitrate 

Nitrite 

Nitrate+ 

Nitrite 

Turbidity 

pg/L 

mg/L 

mg/L 

mg/L 

NTU 

MPN/ 


0.15 

U 

0.2 

0.15 

u 

0.24 

0.15  U  0.44 


0.15  U  23 


0.15  U  0.21 


Fecal  Coliforms 


°  *a  Total  Coliforms 


Finished  Water  (Product) 


a 
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o 

U 

at 
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5 


o 

u 
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at 

-e 

g 

3 
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O 
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VO 
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at 

= 

o  g 

O  ? 
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SS 

Z  £ 

■  at 
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.  it 

•  ~  B 

3  g 

1  ^ 

^  I 

^  s 


N/ 

ml 


CFU/ml 


MPN/ 
100  ml 


mg/L 


mg/L 


Pg/L 


Pg/ 


Pg/ 


Pg/ 


pg/L 


pg/L 


pg/L 


_ 

1 

U 

1.1 

6 

Bl 

7 

Bl 

2 

Ql 

36 

2 

Bl 

2.3 

0.021 

□ 

1 

U 

4 

Bl 

13 

6 

Bl 

7 

Bl 

0.00075 

D 

0.0019 

Bl 

0.0019 

U 

2 

Ql 

22 

2 

Bl 

0.028 

□ 

1 

u 

1.1 

3 

_ 

3 

0.0019 

Bl 

0.0019 

Bl 

0.0019 

U 

3 

6 

Bl 

7 

Bl 

2 

17 

6 

Bl 

7 

Bl 

2 

E9 

16 

2 

Bl 

1.6 

0.026 

1 

HFT 

4 

Bl 

11 

6 

Bl 

7 

Bl 

0.00068 

D 

0.0019 

Bl 

0.0019 

U 

1 

U 

l!g| 

6 

Bl 

7 

Bl 

4 

47 

2.1 

2.1 

2 

1 

Bl 

2 

Bl 

1.3 

0.041 

5 

4 

Bl 

14 

1.9 

1.9 

0.0019 

Bl 

0.0019 

Bl 

0.0019 

U 

5 

20 

sill 

EH 

■ 

1 

U 

12 

B 

12 

l 

i 

Bl 

2 

Bl 

140 

2 

Bl 

0.43 

0.029 

1 

4 

Bl 

8.7 

B 

l 

Bl 

i 

Bl 

0.0019 

Bl 

0.0019 

Bl 

0.0019 

U,  L 

F-18 


Target 
Time  Flow 
Rate 


H 

U 

H 


GAC-1 


IX-  1 


H 

U 

H 


Date 


days 

gpm 

4/22/2011 

-6 

0 

4/25/2011 

-3 

0 

4/27/2011 

-1 

0 

4/29/2011 

1 

5 

5/2/2011 

4 

5 

5/4/2011 

6 

5 

5/6/2011 

8 

5 

5/9/2011 

11 

5 

5/11/2011 

13 

5 

5/13/2011 

15 

8 

5/16/2011 

18 

10 

5/18/2011 

20 

10 

5/20/2011 

22 

10 

5/23/2011 

25 

8 

5/25/2011 

27 

8 

5/27/2011 

29 

8 

6/1/2011 

34 

10 

6/3/2011 

36 

10 

6/6/2011 

39 

12 

6/10/2011 

43 

12 

6/13/2011 

46 

12 

6/16/2011 

49 

12 

6/20/2011 

53 

12 

6/27/2011 

60 

12 

7/5/2011 

68 

16 

7/11/2011 

74 

16 

7/18/2011 

81 

10 

7/25/2011 

88 

20 

8/1/2011 

95 

22 

8/8/2011 

102 

20 

8/15/2011 

109 

18 

8/17/2011 

111 

18 

W 

U 


Outfall 


F-19 


Date 

Time 

Target 

Flow 

Rate 

days 

gpm 

8/19/2011 

113 

18 

8/26/2011 

120 

15 

8/31/2011 

125 

15 

9/2/2011 

127 

15 

9/7/2011 

132 

15 

9/9/2011 

134 

10 

9/12/2011 

137 

10 

9/14/2011 

139 

10 

9/16/2011 

141 

20 

9/19/2011 

144 

5 

10/3/2011 

158 

10 

10/5/2011 

160 

10 

10/7/2011 

162 

10 

10/10/2011 

165 

5 

10/12/2011 

167 

5 

10/14/2011 

169 

5 

10/17/2011 

172 

10 

10/19/2011 

174 

10 

10/21/2011 

176 

10 

10/26/2011 

181 

10 

10/28/2011 

183 

10 

10/31/2011 

186 

10 

11/2/2011 

188 

10 

11/4/2011 

190 

10 

11/7/2011 

193 

10 

11/9/2011 

195 

10 

11/11/2011 

197 

10 

11/16/2011 

202 

10 

11/18/2011 

204 

10 

11/22/2011 

208 

10 

11/28/2011 

214 

8 

11/30/2011 

216 

8 

GAC-1 


IX -1 


Iig/L  Hg/L 


Outfall 


F-20 


Date 

Time 

Target 

Flow 

Rate 

days 

gprn 

12/9/2011 

225 

6 

12/14/2011 

230 

6 

12/16/2011 

232 

6 

12/19/2011 

235 

6 

12/21/2011 

237 

6 

12/23/2011 

239 

6 

12/27/2011 

243 

6 

12/28/2011 

244 

6 

12/30/2011 

246 

6 

1/3/2012 

250 

6 

1/4/2012 

251 

6 

1/6/2012 

253 

6 

1/9/2012 

256 

6 

1/11/2012 

258 

6 

1/12/2012 

259 

6 

1/13/2012 

260 

6 

1/17/2012 

264 

6 

1/18/2012 

265 

6 

1/20/2012 

267 

6 

1/23/2012 

270 

6 

1/25/2012 

272 

6 

GAC-1 


IX -1 


Outfall 


Notes:  MBfR  1  &  MBfR  2  rotated  sample  points  every  3  days  due  to  lead/lag  configuration  (field  verification  completed  during  sampling  for  laboratory). 

Non  detects  are  listed  as  the  reporting  limit. 


Qualifiers: 

Acronvms: 

B 

Analyte  was  detected  in  the  associated  Method  Blank. 

CFU/ml 

colony  forming  units  per  milliliter 

RL 

reporting  limit 

H 

Sample  analysis  performed  past  method-specified  holding  time. 

cis  1,2-DCE 

cis- 1 ,2-Dichloroethene 

TCE 

trichloroethene 

HFT 

The  holding  time  is  immediate.  It  was  analyzed  in  the  laboratory  as  soon  as 

DOC 

dissolved  organic  carbon 

TDS 

total  dissolved  solids 

possible  after  receipt. 

E.  coli 

Escherichia  coli 

TTHM 

total  trihalomethanes 

J 

RL  <  Result  <  MDL.  The  concentration  is  an  approximate  value. 

EPA 

USA  Environmental  Protection  Agency 

TSS 

total  suspended  solids 

L 

Laboratory  Control  Sample  and/or  Laboratory  Control  Sample  Duplicate 

gpm 

gallons  per  minute 

VC 

vinyl  chloride 

recovery  was  above  the  acceptance  limits.  Analyte  not  detected,  data  not 

mg/L 

milligram  per  liter 

Pg/L 

micrograms  per  liter 

U 

Analyte  NOT  DETECTED  at  or  above  the  RL  or  MDL,  if  MDL  is  specified. 

mg/L-N 

milligram  as  nitrogen  per  liter 

> 

greater  than 

MPN/100  ml 

most  probable  number  per  100  milliliters 

< 

less  than 

MDL 

maximum  daily  load 

< 

less  than  or  equal  to 

NTU 

nephelometric  turbidity  units 

F-21 


APPENDIX  G 

ONLINE  MONITORING  DATA 
(EXCEL  FILE  ATTACHED) 


APPENDIX  H 

EAST  VALLEY  WATER  DISTRICT  DEMONSTRATION  SUMMARY 


1.0  INTRODUCTION 

A  membrane  biofilm  reactor  (MBfR)  and  media  filtration  system  were  demonstrated  at  East 
Valley  Water  District  (EVWD)  for  perchlorate  and  nitrate  destruction  and  potable  water 
production.  The  MBfR  contained  hydrogen-pressurized  hollow  fibers,  which  supported  the 
growth  of  perchlorate-reducing  bacteria  (PRB)  on  the  fibers.  MBfR  modules  were  composed  of 
Cellulose  Triacetate  (CTA)  membranes  and  plug-flow  conditions  to  minimize  reactor  volume 
and  sustain  higher  volumetric  loadings.  The  MBfR  included  a  three-stage  process  (Figure  1).  In 
addition,  aerobic  biodegradation,  media  filtration  and  chlorination  are  integrated  as  downstream 
processes  for  the  removal  of  dissolved  organic  carbon  (DOC),  suspended  solids,  and  bacteria  and 
disinfection.  This  demonstration  was  initiated  in  late  2007  and  lasted  about  6  months.  The 
demonstration  was  conducted  at  EVWD  Well  28A  located  in  San  Bernardino,  California. 


1.2  PERFORMANCE  OBJECTIVES 

The  goal  of  this  study  was  to  demonstrate  and  validate  the  performance  of  the  MBfR  system  as  a 
suitable  method  to  destroy  perchlorate  and  nitrate  in  groundwater  and  produce  potable  water. 
The  MBfR  system  was  also  evaluated  for  compliance  with  associated  regulatory  requirements 
with  respect  to  potable  water  production  standards. 

Quantitative  and  qualitative  perfonnance  objectives  were  established  to  assess  success  of  the 
technology’s  application.  Safety  and  permit  compliance  qualitative  performance  objectives 
specifically  addressed  demonstration  activities  rather  than  the  technology,  but  were  critical  for  a 
successful  demonstration.  Taste  and  odor  were  also  considered  as  a  critical  aspect  of  general 
public  acceptance,  but  are  not  regulated.  Quantitative  performance  objectives  for  perchlorate  and 
nitrate  reduction  were  selected  to  be  more  stringent  than  regulatory  requirements  because 
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influent  concentrations  are  relatively  low  when  compared  to  typical  ranges  in  groundwater 
(Table  2).  Groundwater  was  spiked  with  50  micrograms  per  liter  (pg/L)  of  perchlorate.  The 
quantitative  performance  objective  for  perchlorate  removal  was  based  on  the  California 
maximum  contaminant  level  (MCL)  of  6  pg/L.  Nitrite  had  the  potential  to  accumulate  as  an 
intermediate  of  nitrate  reduction.  Therefore,  it  was  assigned  a  performance  objective  equal  to 
50%  of  its  MCL.  Disinfection  and  filtration  are  regulatory  requirements.  Additional  criteria  are 
reported  and  summarized  in  Table  1  to  address  disinfection  requirements  and  biological 
stabilization  of  the  effluent. 


Table  1  Performance  Objectives  and  Related  Success  Criteria 


Performance  Objective 

Success  Criteria 

Qualitative 

Safety 

No  reportable  health  and  safety  incidents 

Permit  compliance 

No  violations 

Taste  and  odor 

Treatment  by  the  MBfR  process  results  in 
production  of  an  aesthetically  acceptable 
product 

Regulatory  acceptance 

Obtain  letter  of  conditional  acceptance 
from  the  California  Department  of  Public 
Health  (CDPH) 

Quantitative 

Contaminant  destruction 

<  6  pg/L  perchlorate 

Disinfection 

Coliforms  ND,  HPC  <  500/mL 

Filtration 

(Turbidity  <  0.2  NTU) 

Biological  stabilization 

DOC  <  2  mg/L 

Table  2  Typical  Groundwater  Chemistry  Parameter  Ranges 


Analyte 

Range 

Units 

Perchlorate 

<4  to  9.6 

pg/L 

Nitrate 

7.0  to  8.6 

mg-N/L 

Sulfate 

29  to  50 

mg/L 

Alkalinity 

118  to  130 

mg  CaCOs/L 

Hardness 

143  to  200 

mg  CaCOs/L 

Total  dissolved  solids 

190  to  280 

mg/L 

pH 

7.70  to  8.15 

SU 

2.0  RESULTS  -  DEMONSTRATION  TESTING 

The  demonstration  included  1)  a  start-up  phase  designed  to  promote  PRB  growth  on  the  hollow 
fiber  membranes,  and  2)  an  optimization  phase  to  investigate  different  operational  conditions  and 
their  impact  on  contaminant  removal,  operation  and  maintenance  requirements. 

2.1  START-UP  PHASE 

A  culture  of  PRB,  grown  at  Arizona  State  University  in  Professor  Rittmann’s  laboratory  using 
Well  28A  groundwater,  was  used  as  inoculum  for  the  MBfR  biomass  formation.  The  influent 
flow  was  set  at  1  gallon  per  minute  (gpm)  to  allow  sufficient  residence  time  for  the  bacteria  to 
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colonize  the  hollow  fiber  membranes.  Typical  raw  water  nitrate  and  perchlorate  concentrations 
after  spiking  were  approximately  7  milligrams  per  liter  (mg/L)  and  43pg/F,  respectively. 

The  enriched  biofilm  formation  led  to  a  progressive  increase  of  perchlorate  removal  in  the 
following  7  weeks  after  bacterial  inoculum.  Perchlorate  removal  reached  around  28%  and  50% 
after  4  and  5  weeks  of  system  operation,  respectively.  Six  weeks  were  needed  to  achieve  effluent 
perchlorate  concentrations  less  than  6  ug/L,  which  met  the  success  criteria  of  the  related 
performance  objective.  About  72%  nitrate  and  nitrite  removal  was  achieved  after  4  weeks. 
Effluent  nitrate  and  nitrite  levels  below  detection  limits  were  reached  by  the  end  of  this  initial 
two-month  start-up  period  (Figure  2). 
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Figure  2  MBfR  Start-up  Perchlorate  and  Nitrate  and  Nitrite  Effluent  Concentrations 
2.2  OPTIMIZATION  PHASE 

The  primary  goal  of  the  optimization  phase  was  to  identify  optimal  operating  conditions  for  the 
MBfR  system  and  perchlorate  removal.  After  the  acclimation  period,  MBfR  operational 
conditions  were  varied  to  test  the  system  response  to  changes  in  influent  and  recirculated  water 
flow  rates,  and  influent  perchlorate  concentrations. 

Influent  Flow  Rate 

The  MBfR  was  tested  with  progressive  increase  in  influent  flow  rates  to  determine  the  stability 
of  the  system  to  variable  loadings.  Flow  rates  of  1,  3  and  6  gpm  were  maintained  over  time 
periods  as  shown  in  Figure  3.  Influent  concentrations  of  perchlorate  (~  55  pg/F)  and  of  nitrate 
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[approximately  7  milligrams  as  nitrogen  per  liter  (mg-N/L)]  were  constantly  fed  to  the  reactor 
through  the  duration  of  the  test. 

The  results  show  optimal  perchlorate  and  nitrate  removal  performances  at  1  gpm,  with  effluent 
concentrations  of  perchlorate  below  the  success  criteria  of  6  pg/L  as  shown  in  Figure  3. 
Perchlorate  removal  was  maintained  in  the  following  week,  with  a  flow  rate  of  3  gpm.  However, 
this  operational  change  increased  effluent  nitrate  and  nitrite  concentrations  to  levels  that  did  not 
meet  performance  requirements  for  nitrate  and  nitrite. 


The  reactor  performance  abruptly  deteriorated  during  the  following  3  weeks  when  the  system 
was  operated  at  6  gpm.  The  performance  metrics  were  again  not  met.  In  these  conditions, 
effluent  perchlorate  concentrations  around  45  pg/L  were  reported,  and  steady  nitrate  and  nitrite 
concentrations  around  3.8  mg-N/L  were  reached. 
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Figure  3  Effect  of  Increased  MBfR  Influent  Flow  Rate,  Effluent  Perchlorate  and  Effluent 

Nitrate  and  Nitrite 


The  MBfR  system  resilience  was  evaluated  by  returning  to  more  optimal  conditions  at  lower 
flows  (3  and  1  gpm)  as  shown  in  Figure  4.  Perchlorate  and  nitrate  removal  were  improved  at  3 
gpm,  although  the  success  criteria  were  generally  not  met.  Perchlorate  removal  performance  did 
improve  at  1  gpm,  but  did  not  recover.  However,  the  progressive  decrease  in  flow  rate  was 
beneficial  to  the  removal  of  nitrate,  which  again  reached  undetectable  levels  after  2  weeks  at  the 
1  gpm  regime. 
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Figure  4  Effect  of  Decreased  MBfR  Influent  Flow  Rate  on  Effluent  Perchlorate  and 

Effluent  Nitrate  and  Nitrite 


These  results  demonstrate  that  the  MBfR  is  not  capable  of  consistently  removing  perchlorate  and 
nitrate  and  nitrite  below  the  set  success  criteria  (50  pg/L  to  less  than  6  pg/L  perchlorate  and  less 
than  0.5  mg-N/L  nitrate  and  nitrite)  at  flow  rates  greater  than  1  gpm.  Furthermore,  after 
conditions  of  upset,  the  system  was  not  able  to  fully  recover  its  perchlorate  removal  capability. 

Recirculation  Increase 

After  the  influent  flow  was  returned  to  1  gpm,  recirculation  of  reject  through  the  MBfR  was  used 
to  support  system  recovery  by  promoting  PRB  colonization.  The  recycle  rate  was  increased  from 
90  gpm  to  180  gpm  while  maintaining  1  gpm  influent  flow.  This  increase  improved  perchlorate 
removal  by  about  65%  and  decreased  effluent  concentrations  to  approximately  19  pg/L  (Figure 
5).  However,  this  did  not  meet  the  success  criteria.  On  the  other  hand,  changes  in  recirculation 
flow  improved  nitrate  removal  to  undetectable  levels. 
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Figure  5  Effect  of  Increased  MBfR  Recirculation  Flow  on  Perchlorate  and  Nitrate  and 

Nitrite  Removal 


Influent  Perchlorate  Concentration  Decrease 

MBfR  performance  improved  when  the  influent  perchlorate  concentration  was  lowered  from  50 
ug/L  to  15  ug/L  (Figure  6).  These  perchlorate  dose  concentrations  were  closer  to  those  typically 
measured  in  the  EVWD  groundwater.  Reducing  the  influent  perchlorate  concentration  to  15  ug/L 
resulted  in  effluent  concentrations  lower  than  6  ug/L,  meeting  the  success  criteria  for 
perchlorate.  In  parallel,  increased  effluent  concentrations  of  nitrate  and  nitrite  were  observed  at 
levels  that  inconsistently  met  the  success  criteria  for  the  corresponding  performance  objective. 
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Figure  6  Effect  of  Decreased  MBfR  Influent  Perchlorate  Concentration  on  Perchlorate  and 

Nitrate  and  Nitrite  Removal 


3.0  DISCUSSION  AND  CONCLUSIONS 

During  the  initial  start-up  of  the  MBfR,  successful  perchlorate  removal  was  achieved  in  about  6 
weeks,  with  influent  concentrations  of  50  ug/L  being  reduced  to  less  than  6  ug/L  at  a  flow  rate  of 
1  gpm.  During  the  optimization  phase,  perchlorate  and  nitrate  removal  capability  declined  when 
altering  operating  conditions.  Visual  observation  of  uneven  bacterial  distribution  at  the 
membrane  surfaces  among  the  three  bioreactors  operating  in  series  (Figure  7),  the  high 
accumulation  of  biomass  in  the  first  MBfR  stage,  and  the  limited  biofilm  density  of  the  third 
MBfR  stage  indicated  a  poor  biofilm  control  and  possible  poor  flow  distribution,  thus  the  loss  of 
effective  membrane  surface  area  for  mass  transfer  to  occur.  Hence,  the  operational  conditions 
tested  might  have  developed  mass  transfer  limitations,  which  were  partially  overcome  by 
increasing  water  recirculation  rates.  Alternative  membrane  configurations  and  different  operating 
strategies  may  be  able  to  address  the  limitations  encountered,  and  further  systematic  process 
improvements  need  to  be  evaluated.  The  design  for  the  follow-on  demonstration  at  West  Valley 
Water  District  built  on  key  findings  from  this  project. 


H-7 


Figure  7  MBfR  Modules  from  Stage  1  (a),  Stage  2  (b),  and  Stage  3  (c). 
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Director  &  State  Health  Officer 


State  of  California— Health  and  Human  Services  Agency 

California  Department  of  Public  Health 


EDMUND  G.  BROWN  JR. 
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July  26,  2013 

Mr.  John  Bosler 
Chief  Operations  Officer 
Cucamonga  Valley  Water  District 
P.O.  Box  638 

Rancho  Cucamonga,  CA  91730 

Mr.  David  Friese 
ARoNite  Technology  Director 
APTwater,  Inc. 

2516  Verne  Roberts  Circle,  Suite  H-102 
Antioch,  CA  94509 


CONDITIONAL  ACCEPTANCE  OF  ARONITE  BIOLOGICAL  TREATMENT  FOR  THE 
PRODUCTION  OF  DRINKING  WATER  FROM  NITRATE  CONTAMINATED  WATER 

Dear  Mr.  Bosler  and  Mr.  Friese: 

The  Water  Treatment  Committee  (WTC)  of  the  Drinking  Water  Program  in  the  California 
Department  of  Public  Health  (Department)  has  reviewed  the  following  documents 
submitted  with  your  request  to  gain  acceptance  of  ARoNite  (Autotrophic  Reduction  of 
Nitrate)  biological  treatment  as  a  means  of  removing  nitrate  from  source  waters  prior  to 
distribution  as  part  of  the  public  water  supply. 

“Well  23  ARoNite  30  Day  Demonstration  Report,  April  12,  2012”  prepared  by  APTwater 
for  Cucamonga  Valley  Water  District 

“Well  23  ARoNite  Extended  Demonstration  Report,  January  21, 2013”  prepared  by 
APTwater  for  Cucamonga  Valley  Water  District 

Based  on  the  review  of  the  above  pilot  study  reports,  the  WTC  hereby  confirms  that  the 
ARoNite  biological  treatment  process  has  been  demonstrated  to  remove  nitrate  from 
some  sources  of  water.  The  ARoNite  process  is  a  hydrogen  based  membrane  biofilm 
biological  treatment  system  for  the  removal  of  nitrate.  The  ARoNite  system  uses  native 
microorganisms  present  in  the  groundwater  and  hydrogen  gas  as  the  electron  donor  for 
microbial  respiration.  The  biological  treatment  process  occurs  in  a  proprietary  sealed 
treatment  vessel  where  membranes  are  used  to  deliver  hydrogen  gas  to  the  biofilm. 
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The  pilot  study  result  indicates  that  a  properly  designed  and  operated  ARoNite 
biological  treatment  system  can  be  used  as  one  of  the  unit  processes  for  the  removal  of 
nitrate  from  some  water  sources.  Thus  it  can  be  incorporated  into  an  overall  drinking 
water  treatment  plant.  Nevertheless,  we  consider  the  ARoNite  biological  treatment 
system  to  be  capable  of  nitrate  removal  with  several  important  caveats  that  have  been 
incorporated  into  the  conditions  presented  below. 

The  WTC  accepts  the  ARoNite  biological  treatment  system  to  remove  or  reduce  nitrate 
from  some  source  water(s)  that  might  be  used  for  potable  supply  subject  to  the  following 
conditions: 

1 .  The  system  is  operated  in  a  manner  that  maximizes  steady  state  conditions  and 
minimizes  intermittent  production  flow  rates  (e.g.,  a  plant  operated  24  hours  a 
day,  7  days  a  week). 

2.  Continuous  on-line  monitoring  systems  for  water  flow,  nitrate,  turbidity,  chlorine 
residual  and  dissolved  oxygen  shall  be  incorporated  into  the  process  design  with 
adequate  alarm  strategies  detailed  in  the  water  system’s  operation  plan. 

3.  Site-specific  tests  are  required  to  determine  the  impact  of  seasonal  and  temporal 
variations  in  water  quality  (nitrate  concentration,  temperature,  available  micro 
and  macro  nutrients,  and/or  hydraulic  loading  rates,  etc.)  on  process 
performance.  For  example,  it  is  anticipated  that  the  hydrogen  feed  requirement 
will  vary  as  a  function  of  source  water  quality,  so  the  impact(s)  of  variable  nitrate 
concentrations  (in  time  and  magnitude)  on  finished  water  quality  needs  to  be 
evaluated.  The  site-specific  verification  testing  should  represent  worst-case 
conditions  and  the  testing  periods  must  cover  the  time  during  the  seasonal  and 
temporal  variations  in  water  quality. 

4.  Nitrate  reduction  process  control  shall  be  based  on  the  constant  influent  flow  with 
variable  hydrogen  pressure  scheme  that  was  demonstrated  during  the  extended 
demonstration  period. 

5.  Filtration  treatment  process  control  shall  be  based  on  the  use  of  an  optimum 
dose  of  coagulant  that  includes  adequate  flash  mixing  and  an  acceptable  filter 
design. 

6.  Source  of  the  microbiological  seed  must  be  identified  and  characterized  as  not 
containing  human  pathogens,  except  when  indigenous  biota  are  selected  to 
inoculate  the  bed.  The  use  of  indigenous  microorganisms  to  “seed”  the  reactor 
renders  this  condition  moot. 
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7.  All  chemicals  used  in  the  system  must  be  NSF/ANSI  standard  60  certified  by  an 
ANSI  accredited  testing  organization. 

8.  All  materials  that  come  into  direct  contact  with  the  source  water  must  be 
NSF/ANSI  standard  61  certified  by  an  ANSI  accredited  testing  organization. 

9.  A  pressure  sensor  with  alarm  should  be  installed  on  the  hydrogen  feed  system. 

10.  Following  biological  treatment,  the  filtration,  disinfection  and  other  treatment 
processes  will  be  required  to  meet  the  following  performance  standards: 

a.  4-log  virus  inactivation  must  be  achieved  by  the  end  of  the  disinfection 
treatment  process. 

b.  Treated  water  must  be  coliform  free.  Weekly  or  monthly  samples 
collected  at  the  end  of  the  disinfection  treatment  process  will  be  required. 

c.  Treated  water  must  contain  HPC  of  less  than  500  cfu/mL.  Weekly  or 
monthly  samples  collected  at  the  end  of  the  disinfection  treatment  process 
will  be  required. 

d.  Individual  filtered  water  effluent  turbidity  shall  be  0.3  NTU  or  less,  95%  of 
the  time.  Continuous  monitoring  of  filter  effluent  will  be  required. 

e.  Corrosivity  of  the  effluent  water  must  be  monitored  and  controlled  prior  to 
distribution,  if  necessary.  Daily  treated  water  pH  reading  of  the  plant 
effluent  will  be  required. 

f.  Distribution  system  disinfectant  by-products  samples  must  be  collected 
based  on  the  Stage  2  Disinfectant  /  Disinfection  By-Products  Rule  and 
must  comply  with  the  Locational  Running  Annual  Average  (LRAA)  for 
TTHM  and  HAA5  MCLs. 

g.  Treated  water  must  meet  all  secondary  standards. 

h.  Treated  water  needs  to  have  sufficient  dissolved  oxygen  to  stabilize  the 
water  prior  to  distribution  to  consumers. 

1 1 .  Proper  operator  certification  of  the  facility  will  be  required  based  on  the 
complexity  of  the  full  scale  treatment  system. 

12.  An  operator  training  program  for  the  biological  treatment  system  shall  be 
provided  as  part  of  the  start-up  process  for  the  full  scale  treatment  system. 
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We  note  that  membrane  biofilm  reactor  biological  treatment  has  not  been  proven  to 
work  on  all  water  sources.  Therefore,  additional  testing  will  be  required  to  confirm  the 
treatment  system’s  performance  prior  to  full  scale  installations  at  other  use  sites.  To 
ensure  the  acceptability  of  the  study  approach,  prior  to  starting,  the  local  CDPH  Drinking 
Water  Program  District  Engineer  should  be  consulted  to  ensure  that  the  study  is 
conducted  in  sufficient  detail  so  that  adequate  information  is  gathered  to  identify  the 
critical  design  and  operating  factors  of  the  full  scale  treatment  plant. 

Be  advised  that  the  approval  for  the  design  and  use  of  this  technology  in  any  drinking 
water  application  will  be  handled  on  a  case-by-case  basis  by  the  Drinking  Water 
Program’s  district  offices.  The  individual  district  offices  based  on  specific  site 
requirements  may  specify  additional  unit  treatment  processes  as  well  as  require 
additional  pilot  testing  or  full-scale  demonstration  of  the  treatment  process.  Approval  is 
granted  through  the  domestic  water  supply  permitting  process.  Information  such  as  the 
study  results,  technical  drawings,  plans  and  specifications  will  need  to  be  submitted  with 
the  application  and  will  be  used  for  the  development  of  the  water  supply  permit. 

We  would  like  to  thank  you  and  your  colleagues  for  working  with  us  during  the 
development  and  testing  of  this  technology.  Should  you  have  any  questions  regarding 
the  content  of  this  letter,  please  free  to  contact  me  at  (510)  620-3460. 


Sincerely, 


Senior  Sanitary  Engineer 
Technical  Operations  Section 


cc:  Water  T reatment  Committee 


